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M-T.TMKED UREAS AND CARBAMATES OF 
HETEROCYCLIC TH I PESTERS 

This application is a cone inua tien-in-pari 
5 application c; U.S. Patent Application Serial No. 
03/775,383 filed December 31, 1995. 

BACKGROUN D OF THE INVENTION 

1. rjftid of Invention 
10 This invention relates to neurc trophic low 

molecular weight, small molecule M-iinked ureas and 

carbamates of heterocyclic thioesters having an 

affinitv for FK3?-ty?e immune philips , and their use as 

inhibitors of the enzyme activity associated with 

15 immunophilin proteins, particularly pep t idyl -prolyl 

isomerase, or rotamase, enzyme activity. 

2 . Description of Related Art 

The term immunophilin refers to a number of 

proteins that serve as receptors for the principal 

20 immunosuppressant drugs, cyclosporin A (CsA) , FK50S 

and rapamycin. Known classes of immunophilins are 

cyclophilins and FK506 binding proteins, or FKBPs. 

Cyclosporin A binds to cyclophilin A while FK506 and 

rapamycin bind to FKBP12. These immunophiiin-drug 

25 complexes interface with various intracellular signal 

transduction systems, especially the immune and 

nervous systems. 

Immunophilins arc known zz have pept idyi-prolyi 
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iscmerase (=?Iase), or rotamase, anzv^e ac-ivity. .ic 
has beer, determined thac rcramase eniyme activity 
clays a role ir. the cacalyiation of the 
interconversion of "he ris ar.d crar.s isomers of 
5 oectide and protein substrates for the immuncphiiin 
proteir.s . 

Immunophiiins were originally discovered ar.d 
studied in. the immune tissue. It was initially 
postulated by those skilled in the arc that inhibition 
10 of the immunophilins' rocamase activity leads tc 
inhibition of T-ceil proliferation, thereby causing 
the immunosuppressive activity exhibited by 
immunosuppressant drugs, such as cyclosporin A, FK505 
and rapamycin. Further study has shown that the 
15 inhibition of rotamase activity, in and of itself, 
does not result in immunosuppressive activity. 
Schreiber et ai., Science, 1990, vol. 250, pp. 556- 
559. Instead, immunosuppression appears to stem from 
the formulation of a complex of immunosuppressant 
drugs and immunophilins . It has been shown that the 
immunophiiin-drug complexes interact with ternary 
protein targets as their mode of action. Schreiber et 
al., Cell, 1991' vol. 65, pp. 907-315. In the case of 
FKBP-FK506 and cyclophilin-CsA, the immunophilin-drug 
25 complexes bind to the enzyme calcineurin and inhibit 
the T-ceil receptor signalling which leads to T-ceii 
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proliferation . Similarly, the immunophilin-drug 
complex of FK3?-rapamycir. interacts with the 
RAFTl/FPA? protein and inhibits the IL-2 receptor 
■ signalling. 

5 Immunophilins have been found to be present at 

high concentrations in the central nervous system, 
Immunophilins are enriched 1Z--50 times mere in the 
central nervous system than in the immune system. 
Within neural tissues, immunophilins appear to 
10 influence nitric oxide synthesis, neurotransmitter 

release and neuronal process extension. 

It has been found that picomolar concentrations 
of an immunosuppressant such as FX50S and rapamycin 
stimulate neurite outgrowth in ?C12 ceils and sensory 
15 neurons, namely dorsal root ganglion ceils (DRGs) . 

Lyons et al., Proc. of Natl. Acad. Sci., 1994, vol. 
31, co. 3191-3195. In whole animal experiments/ FK506 
has been shown to stimulate nerve regeneration 
following facial nerve injury. 
~>0 Surprisingly, it has been found that certain 

compounds with a high affinity for FKBPs are potent 
rotamase inhibitors and exhibit excellent neurotrophic 
effects. Furthermore, these rotamase inhibitors are 
devoid of immunosuppressive activity. These findings 
25 suggest the use of rotamase inhibitors in treating 
various peripheral neuropathies and enhancing neuronal 
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regrowr'r. in the central nervous system (CNS) . Studies 
have demonstrated thai neurcdege'nerative disorders 
such as Alzheimer ' s disease, Parkinson's disease, ar.d 
aiayc trophic lateral sclerosis 'A1S) may occur due zz 
the loss, or decreased availability, of a neurotrophic 
substance specific for a particular population of- 
neurons affected in the disorder. 

Several neurotrophic factors affecting specific 
neuronal populations in the central nervous system 
have been identified. For example, it has been 
hypothesized that Alzheimer's disease results from a 
decrease or loss of nerve grower, factor (NGf; . It has 
thus been proposed co treat Senile Dementia of the 
Alzheimer's Type ( S DAT ) patiencs with exogenous nerve 
growth factor or other neurotrophic proteins-, such as 
brain derived growth factor, glial derived growth 
factor, ciliary neurotrophic factor and neurctrcpin-3 , 
to increase the survival of degenerating neuronal 
populations . 

Clinical application of these proteins in various 
neurological disease states is hampered by 
difficulties in the delivery and bioavailability of 
large proteins to nervous system targets. By 
contrast, immunosuppressant drugs with neurotrophic 
.25- activicv are relatively small and display excellent 
bioavailability and specificity. However, when 



15 



?.0 



adminis tered chronically, - mnur.o suppressant drugs 
exhibit a number cf potentially serious side effects 
including nephrotoxicity, such as impairment of 
glomerular filtration and irreversible interstitial 
fibrosis (Keep et al., J. ----- Sec. :Yepr.-ci., 199"., 
1:162); neurological deficits, such as involuntary 
tremors, or non-specific cerebral angina, such as non- 
locaiiied headaches (De Greer, et al . , N. Engl. J. 
Med., 193"/ 317:361); and vascular hypertension with 
complications resulting therefrom (Kahan et al.,' M. 
Engl. J. Med., 1939, 321:1723;. 

In order to prevent the side effects associated 
with use of the immunosuppressant compounds, the 
present invention provides non- immunosuppressive 
compounds containing small molecule FK3? rotamase 
inhibitors for enhancing neurite outgrowth, and 
promoting neuronal growth and regeneration in various 
neuropathologicai situations where neuronal repair can 
be facilitated, including: peripheral nerve damage 
caused by physical injury or disease state such as 
diabetes; physical damage to the central nervous 
system (spinal cord and brain) ; brain damage 
associated with stroke; and neurological disorders 
relating to neurodegeneration, such as Parkinson's 
disease, SDAT (JUzheimer ' s disease), and amyotrophic 
lateral sclerosis. 
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. ^riMMARY OF THZ INVENTION 
The present invention relates to neurotrophic, 
low -circular weight, small rr.ciecuie compounds having 
an affinity for FKBP-type irrr.ur.ophi 1 ins . Onoe bound 
5 to these proteins, the neurotrophic corascur.es are 
potent inhibitors of the er.ryr.e activity associated 
with irraunochiiin proteins, particularly peptioyi- 
proiyl isoraerase, or rotamase, enzyme activity. .-. key 
feature of the compounds of the present invention is 
10 that they do net exert any significant 
immunosuppressive activity in addition to their 
neurotrophic activity. Another significant feature is 
the novel addition of a thioester linkage and an 
unexpected increase in bioavailability and potency as 
15 compared to compounds lacking a chioester linkage. 

Specifically, the present invention relates to a 
compound of formula I: 
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or 



or a pharmaceutical!:/ acceptable salt, ester, 
solvate thereof, wherein: 

A and 3 are"*taken together with the nitrogen and 
carbon atoms to which they are respectively attached 
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to form a 5-7 membered saturated cr unsaturated 
heterocyclic ring containing any combination of CH : , o, 
Si SC, S0 : , NH cr MR,; 

X is either 0 or S; 

•/ -.s a direct bond to Z, a C : -C. : straight cr 
branched chain aikyi, or a C : -:. : straight cr branched 
chain alkenyi, wherein any of the carton atoms :f said 
aikvi or alkenyi are optionally substituted in one or 
10 more positions with amino, halo, haicalkyi, 
thiocarbonyi, ester, thioester, aikoxy, aikenoxy, 
cvano, nitro, imino, alkyiamino, amir.calkyl, 
sulfhydryi, thioalkyl, sulfcnyi, oxygen to form a 
carbcnyi, or wherein any of the carbon atoms of said 
15 aikyi or alkenyi are optionally replaced with 0, NH, 
NR : , S, SO, or 50 : , wherein ?. : is selected from the 
group consisting of hydrogen, (C.-C,i -straight cr 
branched chain aikyi, (C r C. : ) -straight or branched 
chain alkenyi or alkynyl, and (C : -C 4 ) bridging aikyi 
?o wherein said bridging aikyi forms a heterocyclic ring 
starting with the nitrogen of NR, and ending with one 
of the carbon atoms of said aikyi or alkenyi chain, 
and wherein said heterocyclic ring is optionally fused 
to an Ar group; 

7 c z is a direct bond, or a C : -C, straight or 

branched chain aikyi, or a C : -C, straight or branched 
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chair. aikenyi, wherein any cf the career, atoms 3; sa-i-d 
aikvl z r aikenyi are optionally substituted ir. one or 
more positions with air.ino, halo, haloalkyi, 
thiccaricr.yi, ester, thioester, aikoxy, alkencxy, 
5 cyans, nicro, imino, alkyiaminc, amir.oaikyl, 
sulfhydryl, thioalkyl, suifonyi, oxygen to form a 
carbcr.vi, or wherein any of the carbon atoms of said 
aikyl tr aikenyi are optionally replaced with 0, >TH , 
NR., s, SO, or S0 : , wherein ?. : is selected from the 
10 group consisting of hydrogen, (C : -C,j -straight or 
branched chain aikyl, {C,-C,-j -straight or branched 
chain aikenyi or aikynyl, and (C,-C 4 ) bridging alkyl 
wherein said bridging alkyl f:rms a heterocyclic ring 
starting with the nitrogen of N?. : and ending with one 
15 of the carbon atoms of said alkyl or alkenyl chain, 
and wherein said heterocyclic ring is optionally fused 
to an Ar group; 

C and D are independently: 

hydrogen, Ar, C : -C s straight or branched chain 
->0 aikvl, or C : -C, straight or branched chain aikenyi, 
wherein any of the carbon atoms of said aikyl. or 
aikenyi are optionally substituted in one or more 
positicn(s) with C-C cycloaikyi, C s -C 7 cycloaikenyi, 
hydroxy!, carbonyl oxygen, or Ar, wherein said alkyl, 
..25 aikenyi, cycloalkyl or cycloaikenyi groups are 
optionally substituted with C.-C, aikyl, C.-C. alkenyl, 
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hydroxy, amino, halo, haloaikyl, thiccarbcnyl , ester, 
thioescer, alkcxy, aikencxy, cyano, nitre, iminc, 
alky! amino, amino aikyi, suifhydryi, t hie a Iky I, 
' sulfcr.yi, wherein ar.y of the career, atoms of said 
5 alkvl or aikenyl are optionally substituted in one or 

^ore positions with oxygen to fon a carbcr.yl, or 
wherein any of the carbon atoms of said aikyi or 
aikenyl are optionally replaced with 0, NK, N?. : , 3, SO, 
or SG : , wherein R 2 is selected from the group 
0 consisting of hydrogen, (C-.-r,; -straight or branched 

chain aikyi, !C,-C S ) -straight :r^ branched chain ai>enyi 
or alkynyl, and (C-C 4 ) bridging aikyi wherein said 
bridging aikyi forms a heterocyclic ring starting with 
the nitrogen of NR : and ending with one of the carbon 
15 atoms of said aikyi or aikenyl chain, and wherein said 

heterocyclic ring is optionally fused to an Ar group; 

wherein Ar is an aryl or heteroaryi moiety which 
is substituted or unsubs tituted; 
W is oxygen or sulfur; 
- n U is either 0 or N, wherein when U is 0, then R L 

is a lone pair of electrons and R : is selected from the 
group consisting of: 

Ar as defined above, C,-C, cycicalkyl, C : -C,- 
straight or branched chain aikyi or aikenyl, or C : -C s 
25 straight or branched chain aikyi or aikenyl 
substituted in one or more positions with Ar, amino, 
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halo, haloaikyi, hydroxy, tri f iucrcmethyl , C.-C 5 
sz:il~-z or branched chair: aikyl, C : -C, straight or 
branched chain aikenyl, carr.cr.vl, thiccarbenyi , ester, 
thicester, aikoxy, aiker.oxy, cyanc, nitre, iminc, 
aikvia.-ino, amir-caikyi, suifhydryi, thioaikyi, 
suifcr.vi, substituted aikyl cr aikenyl wherein any of 
the carbon atoms of the aikyl cr aikenyl are 
opticr.aliv replaced with S , 5C, SG ; , 0, or NR : wherein 
R, is selected from the group consisting of hydrogen, 
(C.-CJ -straight or branched chain aikyl, (C 3 -C ; )- 
straioht or branched chain aikenyl cr aikynyi, and (C ; - 
C-) bridging aikyl wherein sail bridging alkyi forms a 
heterocyclic ring starting with the nitrogen of NR, and 
ending with one of the carbon atoms of said aikyl or 
15 aikenvi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar grru? or C.-C* cycioaikyl; 

and when U is M, and R : are selected 

independently from the group consisting of: 

hydrogen, Ar as defined above, C,-C, cycioaikyl, 
c ._ c . straight or branched chain aikyl or aikenvi, or 
C,-C s straight or branched chain alkyi or aikenyl 
substituted in one or more positions with Ar, amino, 
halo, haloaikyi, hydroxy, trif luoromethyl, C.-C, 
straight or branched chain aikyl, C : -C, straight cr 
25 branched chain aikenyl, carbenyi, thiocarbonyi, ester, 
thioester, aikoxy, alkenoxy, cyano, nitro, imino, 



"0 
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alfcyUrair.o, aminoaikyi, sulfhycryl, chicalkyi-, 
suifonyl, substituted ai!<yl cr aikenyi wherein any of 
the carbon atoms cf the alley! or aiker.y! are 
• optionally replaced with S, SZ, SC : , 0, cr M?. : wherein 
R, is selected from the group consisting of hydrogen, 
(C.-C-', -straight or branched chain alkyi, (C 3 -C s ) - 
straight or branched chain aiker.y! or aikyr.yl, and (C- 
C 4 ) bridging alky! wherein said cridging alky! !:ras a 
heterocyclic ring smarting with the nitrogen of NR-. and 
ending with one of the carbon atoms of said alkyi or 
aikenvi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group or C.-C, cycioaikyi; 

or R- and R : may be taken together to form a 
heterocyclic ring. 

In preferred embodiments, .-j: is a cyclic or fused 
eveiic ring and includes a -one-, bi- cr tricyclic, 
carbo- or heterocyclic ring, wherein the ring is 
either unsubstituted or substituted in one to five 
positicn(s) with halo, haloaikyl, hydroxyl, nitro, 
^0 trifiuoromethyl, C.-C 5 straight or branched chain 
alkvl, C-C, straight or branched chain alkenyl, C : -C. ; 
alkoxy, C.-C, alkenyloxy, phencxy, benzylcxy, amino, 
thiocarbonyl, ester, thicester, cyano, imino, 
alkyiamino, aminoaikyi, suifhydryi, thioalkyi, and 
25 sulfonyi; wherein the individual ring sizes are 5-3 

members; wherein the heterocyclic ring contains 1-4 
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hetercatomis) selected from the group consisting cf c, 
N, or 5; wherein aromatic cr tertiary aikyi amines are 
cpcicr.aiiy oxidized to a corresponding N-oxide. 

Particularly preferred Ar groups include phenyl, 
5 benzyl, naphthyi, pyrroiyi, pyrrol idinyi, cyr idinyi, 
pyrimiiir.yl, purinyi, cuin:linyl, iscqui-clinvl, 
furyi, thiophenyl, iraidazolyl, oxazoiyl, thiazclyl, 
pyrazoiyl, and thienyl. 

Preferred heterocyclic groups may be selected 
10 from the group consisting of pyrroiyi, pyrrol idinyi, 

pvridinyi, pyrimidinyi, purinyi, quinoiinyi, 
isoquinoiinyl, furyl, thiophenyl, imidazolyi, 
oxazoiyl, thiazolyl, pyrazoiyl, thienyl, piperidinyi, 
and p.perazinyl. 
15 b preferred embodiment cf this invention is a 

comDOund cf formula II: 

L X / s ~ Y -\ 
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X 



y - w 

Ra 

II 

or a pharmaceutical^ acceptable salt, ester, or 
solvate thereof, wherein: 

f r G and H are independently CH : , 0, S, SC, 
SO-, NK or NR. wherein at least two of E, F, G, and H 

1? 
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are CH : ; 

X is either 0 or 3; 

Y is a direct bond to Z, a C_-C, straight or 
' brar.cr.ad chair, alkyi, or a C ; -C 5 straight or branched 

5 chain alker.yi, wherein any of "he carbon atoms of said 
aikvi or aikenyl are optionally substituted in one or 
more positions with astir.;, halo, haloalkyl, 
thiocarbonyi, ester, thioester, aikcxy, alkenoxy, 
cvano, nitro, inline, alkyiamino , amincalkyi, 
LO sulfhydryi, thioalkyl, sulfcr.yi, oxygen to form a 
carbcr.vl, or wherein any of the carbon atoms of said 
aikvi or aikenyl are optionally replaced with 0, NK, 
NR>, 3, SO, or S0 : , wherein ?. : is selected from the 
group consisting of hydrogen, iC-C^) -straight or 

15 branched chain alkyi, (C,-C. : ; -straight or branched 
chain aikenyl or aikynyi, and iC.-C.) bridging aikvi 
wherein said bridging alkyi forms a heterocyclic ring 
starting with the nitrogen of NR, and ending with one 
of the carbon atoms of said alkyi or aikenyl chain, 

-Q and wherein said heterocyclic ring is optionally fused 

to an Ar group; 

Z is a direct bond, or a C.-C, straight or 
branched chain alkyi, or a C : -C, straight or branched 
chain aikenyl, wherein any of the carbon atoms of said 
•25 alkyi or aikenyl. are optionally substituted in one or 
more positions with amino, halo, haloalkyl, 
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rhioza.-tcr.jl, ester, thioester , aikoxy, aikenox.v:, 
cvar.c, r.itro , imino, aikyiamir.o, amino a Iky 1, 
suifhvdryl, thioaikyi, sulfonyl, oxygen to f o r- a 
carbor.yl, or wherein any of "he carbor. atoms of sail 
alkvl or alkenyl are optionally replaced with c, NH , 
NR~, 5, 50, or SC : , wherein ?. : is selected front the 
group consisting of hydrogen, (C--CJ -straight or 
branched chain alkyi, (C ; .-C. ; -straigh" or bra.- chad 
chain alkenyi cr aikynyi, and (C-.-C.) bridging alky! 
wherein said bridging alkyi forms a heterocyclic ring 
start ir.c with the nitrogen of NR : and ending with one 
of the carbon atoms of said alkyi or alkenyi chain, 
and wherein said heterocyclic ring is optionally fused 

to an Ar group; 

15 c and D are independently: 

hydrogen, Ar, C.-C, straight or branched chain 
alkvl, or C--C : straight or branched chain alkenyi, 
wherein any of the carbon atoms of said alkyi or 
alkenyl are optionally substituted in one or more 

-0 position (s) with C.-C, cycloaikyi, C.-C- cycioaikenyl, 
hydroxy!, carbor.yl oxygen, cr Ar, wherein said alkyi, 
alkenyi, cycloaikyi or cycioaikenyl groups are 
optionally substituted with C : -C s alkyi, C : -C s alkenyl, 
hydroxy, amino, halo, haloalkyl, thiocarbonyi, ester, 

.25- thioester, aikoxy, aikenoxy, cyano, nitre, imino, 
alkyiamino, • amincaikyl, suifhvdryl thioaikyi, 
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suifcnyl, where 1.1 any of the career. ateras of sa-id 
alkvi c: aiker.yl are optionally substituted in. cr.e cr 
more positions with oxygen to fcrrr. a carbor.yi, or 
• wherein any of the carbon ater.s of said aikyi cr 
5 alkenyi are optionally replaced with C, NK, N?. :/ 5, SC, 
or SC : , wherein ?. : is selected from the group 
consisting of hydrogen, (C-.-C; j -straight or branched 
chain aikyi, (C : -C) -straight or branched chain alkenyi 
or aikynyi, and (C.-C-) bridging aikyi wherein said 
10 bridging aikyi foras a heterocyclic ring starting with 
the nitrogen of N*?-. and ending with one cf the carben 
atoms cf said aikyi cr alkenyi chain, and wherein said 
heterocyclic ring is optionally fused to an Ar group; 
wherein Ar is an aryi or heteroaryl moiety which 
15 is substituted or unsubstituted; 

W is oxygen or sulfur; 

U is either 0 or M, wherein when r J is C, then R-_ 
is a lone pair of electrons and R : is selected from the 
group consisting of: 

70 Ar as defined above, C-.—Z, cycioaikyi, C, -C. : 

straight or branched chain aikyi or alkenyi, or C.-C. : 
straight or branched chain aikyi or alkenyi 
substituted in one or more positions with Ar, amino, 
halo, haioaikyl, hydroxy, trif luorcmethyi, C-C, 

25 straicht or branched chain aikyi, C : -C 4 straight or 
bra.:c::ed ch^i* a ike r-.yL, career yi. th\r.carbc.v/i, ester, 
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thicescer, aikoxy, aike-oxy, cyar.c, nitre, imino, 
alkyia.-r.inc, amincaikyi, suifhydryl, thioaikyl, 
suifcnyl, substituted alkyl :r alkenyi wharair. any cf 
the carbon atoms of the alkyl cr aiker.yl = re 
5 op tic -.ally replaced with 5, ~Z, 5C : , G, cr N"R : wherein 

R, is selected from the group consisting of hyireger., 
(C,-c. : ) -straight or branched chain alkyl, :c,-C,)- 
straight or branched chain aiker.yl cr aikynyl, and !C- 
C,) bridging alkyl wherein said bridging alkyl fcrss a 
10 heterocyclic ring starting with the nitrogen of NR- ani 

ending with one of the carbcn atoms of said alkyl or 
alkenyi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group cr C,-C, cycioalkyi; 

and when U is N, ?. : and R : are selected 
15 independently from the group consisting of: 

hydrogen, Ar as defined above, C,-C- cycioalkyi, 
C-C s straight or branched chain alkyl or aiker.yl, or 
C,-C 4 straight or branched chain alkyl or alkenyi 
substituted in one or more positions with Ar, amino, 
>0 halo, haloaikyl, hydroxy, trif iuoromethyi, C : -C. 

straight or branched chain alkyl, C,-C s straight or 
branched chain alkenyi, carbonyi, thiocarbonyl, ester, 
thioester, aikoxy, aikenoxy, cyano, nitro, imino, 
aikyiami.no, amincaikyi, suifhydryl, thioaikyi, 
25 suifonyi, substituted alkyl cr alkenyi wherein any of 

the carbon atoms of the alkyl or alkenyi are 
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optionally replaced with 5, SC, 30 : , 0, or MR, wherein 
R, is selected from the group consisting of hydrogen, 
(C : -Ci) -straight or branched chain aikyl, (C,-C,) - 
straight or branched chain ai:<enyl or aikyr.yi, and *c- 
5 c 4 ) bridging ai!<yi wherein said bridging aikyl forms a 
heterocyclic ring starting with the nitrogen of MR, and 
ending with one cf the carbon atoms of said aikyl or 
aiker.vi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group or C,-Cj cycicalkyi; 
10 or R- and R : may be ' taken together to form a 

heterocyclic ring. 

In preferred embodiments, Ar is a cyclic or fused 
cyclic ring and includes a ~z~z - , bi- or tricyclic, 
carbo- or heterocyclic ring, wherein the ring is 
15 either unsubstituted or substituted in one to five 
position(s) with halo, haioalkyi, hydroxyl, nitro, 
trifluoromethyi, C.-C< straight or branched chain 
alkyi, C.-C, straight or branched chain alkenyi, C.-C s 
alkoxy, C : -C 5 alkenyloxy, phenoxy, benzyloxy, amino, 
20 thiocarbonyl, ester, thicester, cyano, imino, 
alkylamino, aminoalkyl, suifnydryl, thioaikyl, and 
sulfonyl; wherein the individual ring sizes are 5-3 
members; wherein the heterocyclic ring contains 1-4 
heteroatom(s) selected from the group consisting of 0, 
25 N, or S; wherein aromatic or tertiary aikyl amines are 
optionally oxidized to a corresponding M-oxide. 
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Particularly preferred Ar group- include phenyl, 
benzyl, naphthyi, pyrroiyi, pyrrclidinyi, pyridinyi, 
cyrimidinyi, purinyl, qiair.clir.yi, isccuinoiinyi, 
furyl, thiophenyi, imidacciyl, oxazciyi, tr.iazciyi, 
pyrazoiyi, and thienyi . 

Preferred heterocyclic croups nay cs selected 
from -he group consisting of pyrroiyi, pyrrclidinyi, 
pvridinyl, pyrimidinyi , purinyl, quinciinyl, 
isoquinoiinyl, furyl, thiophenyi, ir-idazolyi, 
oxazoiyi, thiazolyl, pyrazoiyi, thienyi, piperidinyi, 
and piperazinyl. 

Another preferred embodiment is a compound cf 

formula III: 

F— G C 



N 



\ 



D 



| W 
Ri 

III 

or a pharmaceutical!.-/ acceptable salt, ester, or 
solvate thereof, wherein: 

E, F, and G are independently CK : , 0, S, SO, S0 ; , 
NH or NR, wherein at least 2 cf E, F , and G are CH>; 

X is either 0 or S; 

Y is a direct bond tc Z, a C : -C s - straight or 
branched chain alkyi, or a C ; -C, straight or branched 

13 
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chair, alkenyi, wherein any cf the career, atoms of said 
aikyi cr alkenyi are optionally substituted in one or 
more positions with amine, hale, haioaikyi, 
thiocarbenyi, ester, thioescer, aikcxy, aikencxy, 
5 cyanc, nitre, imino, alkyia^iinc, amincaikyl, 
sulfhydryi, thioaikyi, sulfzr.yi, oxygen zz form a 
carbenyl, or wherein any o: the carbon atcms zz said 
aikyi or alkenyi are optionally replaced with 0, NK, 
MR. , SO, or S0 : , wherein ?. : is selected from the 
10 group consisting of hydrogen, (C : -CJ -straight or 
branched chain aikyi, (C 2 -C. : < -straight or branched 
' chain alkenyi or alkynyi, and (C : -C 4 ) bridging aikyi 
wherein said bridging aikyi ferns a heterocyclic ring 
starting with the nitrogen cf NR : and ending with one 
15 of the carbon atoms of said aikyi or alkenyi chain, 
and wherein said heterocyclic ring is opticnaliy fused 
to an Ar group; 

Z is a direct bond, or a C : -C,- straight or 
branched chain aikyi, or a C : -C 5 straight or branched 
20 chain alkenyi, wherein any of the carbon atoms of said 
aikyi or alkenyi are optionally substituted in one or 
more positions with amino, halo, haloalkyl, 
thiocarbonyl, ester, thioester, alkcxy, aikenoxy, 
cyano, nitro, imino, aikylaminc, aminoalkyi, 

25 sulfhydryl, thioaikyi, sulfonyi, oxygen to form a 

■ *• 

carbonyl, or wherein any of the carbon atoms of said 
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alkyl c: alkenyl are optionally replaced win;- o, nh, 
NR : , 5, SO, or S0 : , wherein ?. : is selected from the 
group consisting of hydro g sr., ;C : -C ; ) -straight c: 
branched chair, alkyl, (C>-C. : . -straight or branched 
5 chair* alkenyl or aikyr.yi, and (C : -CJ bridgir.r alkyl 
wherein said bridging alkyl forms a heterocyclic ring 
starting with the nitrogen of N?.- and ending with one 
of the carbon atoms of said alkyl or alkeryl chain, 
and wherein said heterocyclic ring is optionally fused 
10 to an Ar group; 

C and D are independently: 

hydrogen, Ar, C.-C. ; straight or branched chain 
alkyl, or C z -C. : straight or branched chain alkenyl, 
wherein any of the carbon a tons of said alkyl or, 
15 alkenyl are optionally substituted in one :r more 
position is) with C,-C, cycioalkyl, C.-C- cycioalkanyi, 
hydroxy!, carbonyl oxygen, or Ar, wherein said alkyl, 
alkenyl, cycioalkyl or cyclcaikenyl groups are 
optionally substituted with C-.-C, alkyl, C : -C, alkenyl, 
70 hydroxy, amino, halo, haloalkyl, thiocarbcnyl , ester, 

thioester, alkoxy, alkenoxy, cyano, nitre, imino, 
alkylamino, aminoalkyl, suifhydryl, thioaikyl, 
sulfonyl, wherein any of the carbon atoms cf said 
aikyl or alkenyl are optionally substituted in one or 
25 more positions with oxygen to form a carbonyl, or 
wherein any of the carbon atoms of said alkyl or 
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aikenyi are optionally replaced with 0, MH, NR : , S, SO, 
or SC : , wherein R ; is selected from the group 
consisting of hydrogen, (C,.-C. : j -straight or branched 
chain aikyl, (C,-C s ) -straight cr branched chair, aikenyi 
5 cr aifcyr.yl, and (C,-C,; bridging aikyl wherein said 
bridging aikyl forms a heterocyclic ring starting with 
the nitrogen of NR,. and ending with one of the carbon 
atoms of said aikyl or aikenyi chain, and wherein said 
heterocyclic ring is opcionaiiy fused to an Ar group; 
10 wherein Ar is an aryi or heteroaryi moiety which 

is substituted or unsubsticuted; 
W is oxygen or sulfur; 

U is either 0 or N, wherein when U is 0, then R : 
is a lone pair of electrons and ?. : is selected from the 
15 group consisting of: 

Ar as defined above, C,-C, cycloalkyl, C.-C ; 
straight cr branched chain alkyi or aikenyi, cr C.-C, 
straight or branched chain alkyi or aikenyi 
substituted in one or more positions with Ar, amino, 
0 halo, haloalkyl, hydroxy, trif luoromethyi, C-C, 
straight or branched chain alkyi, C : -C 5 straight or 
branched chain aikenyi, carbonyl, thiocarbonyl, ester, 
thioescer, alkoxy, alkenoxy, cyano, nitro, imino, 
alkylamino, aminoalkyl, sulfhydryi, thioalkyl, 
•25 sulfonyi, substituted alkyi or aikenyi 'wherein any of 
the carbon atoms of the aikyl or aikenyi are 
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optionally replaced wicii 5, SC, 3C : , G, or J-r= ; wh.ere.in 
r, is selected from the group consisting of hydrogen, 
(C.-C/; -straight or branched chair, ai!<yl, ;c ; -~. ; : - 
straicht or branched chain alkenyl or aikynyl, and (C- 
CJ bridging ai!<yl wherein said bridging aikyi foras a 
heter:oyciic ring starring with the r.itrcger. zz NR-. and 
ending with one of the carbon atcms cf sail aikyi or 
alkenyl chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group or C,-C, cyclcaikyl; 

= r.d when U is N, ?.-. and ?. ; are selected 
independently from the group consisting of: 

hydrogen, Ar as defined above, C ; -C, cycloaikyl, 
C.-C, straight cr branched chain ai!<yi or alkenyl, or 
C-C; straight or branched chain aikyi cr alkenyl 
15 substituted in one or more positions with Ar, amino, 
halo, haloalkyl, hydroxy, trif iuoromethyl, C-C, 
straight or branched chain aikyi, C : -C, straight or 
branched chain alkenyl, carbonyi, chiocarbonyl, ester, 
thioester, alkoxy, alkenoxy, cyano, nitre, immc, 
alkylamino, aminoalkyl, suifhydryl, thioalkyi, 
sulfcnyl, substituted aikyi cr alkenyl wherein any of 
the carbon atoms of the aikyi or alkenyl" are 
optionally replaced with S, SO, SO : , 0, or N?. : wherein 
r, is selected from the group consisting of hydrogen, 
(C-C-! -straight or branched chain aikyi, (C,-C 5 )- 
straight or branched chain alkenyl or alkynyi, and (C- 
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C 4 ) bridging aikyi wherein said bridging aikyi forms-a 
heterocyclic ring starting with the nitrogen cf MR, and 
ending with one of the career, at:r?.s cf said aikyi or 
aikenyl chain, and wherein said heterocyclic ring is 
5 cpticr.aiiy fused to an Ar grcup or C,-C, cycicaikyl; 

or ?-! and R : may be taken together to form a 
heterocyclic ring. 

l~ preferred embodiments, Ar -S a cyclic or fused 
cyclic ring and includes a -one-, bi- or tricyclic, 
10 carbc- or heterocyclic ring, wherein the ring is 
either unsubstituted or substituted in one to five 
position is) with halo, halealkyi, hydroxy!, nitre, 
trif iucromethyi, C-C. : straight or branched chain 
aikyi, C : -C s straight or branched chain aikenyl, C--C, 
15 alkoxy, C : -C- alkenyloxy, pher.cxy, benzyloxy, amino, 

thiocarbonyl, ester, thicester, cyano, imino, 
alkyiamino, aminoalkyi, suifhydryl, thioaikyi, and 
sulfonyl; wherein the individual ring sizes are 5-3 
members; wherein the heterocyclic ring contains 1-4 
?0 heteroatom(s) selected from the group consisting of 0, 
N, or S; wherein aromatic or tertiary aikyi amines are 
optionally oxidized to a corresponding N-oxide. 

Particularly preferred Ar groups include phenyl, 
benzyl, naphthyl, pyrrolyl, pyrrolidinyl, pyridinyl, 
25 pyrimidinyl, purinyl, quinoiinyl, isoquinciinyi, 
furyi, thiophenyl, imidazoiyi, oxazolyl, thiazolyl/ 



23 



WO 98/29117 



PCT/US97/24070 



10 



20 



pyraroiyi, and thienyi . 

Preferred heterocyclic croups may be selected 
from the croup consisting of pyrrclyi, pyrroiidinyi, 
pvridir.vl, pyrimidinyi, purir.yi, quinoiinyi, 
isocui-oiinyl, furyi, thirphenyl, imidazciyi, 
oxazclyl, thiazoiyl, pyrazoiyl, thienyi, piceridir.yi, 
and piperatinyl . 

A further particularly preferred embodiment of 
this invention is a compound z z z c rrr.u _ a . ■/: 

/ 

— Z 




or a pharmaceutically acceptable salt, ester, or 
solvate thereof, wherein: 

n is 1, 2 or 3 forming a 5-7 member heterocyclic 

ring; 

X is either 0 or S; 

v is a direct bond to 2, a C.-C* straight or 
branched chain alkyi, or a C ; -C, straight or branched 
chain aikenyl, wherein any of the carbon atoms of said 
aikyl or aikenyl are optionally substituted in one or 
more positions with amine, halo, haloalkyl, 
thiocarbonyl, ester, thioester, alkoxy, alkenoxy, 
cyano, nitro, imino, aikyiamino, amincalkyi, 



WO 98/29117 



PCT/US97/24070 



suifhydryi, thioaikyi, suifcr.yi, oxygen to form-. 5. 
carbor.yi, or wherein any of the carbon atoms of said' 
alkvi or alkenyl are optionally replaced with G, mh, 
' NR-, S, 50, cr S0 : , wherein ?. ; is selected from t:-. 2 
5 group consisting of hydrogen, (C : -C 4 ) -straight or 
branched chain alky I, (C,-C 5 -straigh. cr branched 
chain alkenyl or aikynyi, and :C--C,S bridging alky! 
wherein said bridging alkyi forms a heterocyclic ring 
startinc with the nitrogen of >TR- and ending with one 
.0 of the carbon atoms of said alkyi or alkenyl chain, 
and wherein said heterocyclic ring is optionally fused 

to an Ar group; 

Z is a direct bond, ' or a C : -C s straight or 
branched chain alkyi, or a C : -C, straight or branched 
15 chain alkenyl, wherein any of "he carbon atoms of said 
alkyi or alkenyl are optionally substituted in .one or 
more positions with amine, halo, haloalkyl, 
thiocarbenyl, ester, thioes-er, alkoxy, alkenoxy, 
cyano, nitro. iraino, alkylamino, aminoaikyl, 
sulfhydryl, thioaikyi, sulfonyi, oxygen to form a 
carbonyi, or wherein any of the carbon atoms of said 
alkyi or alkenyl are optionally replaced with 0, NH, 
MR,, S, SO, or SO : , wherein ?. ; is selected from the 
group consisting of hydrogen, (C.-C,) -straight cr 
branched chain ..alkyi, <C,-C 4 , -straight or branched 
chain alkenyl or aikynyi, and (C-C 4 ) bridging alkyi 
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wherein said bridging al!<yi firms a heterocyclic ring 
starting with, the nitrogen of NR- and ending with one 
of the carbon atoms of said alkyi or alkenyi chain, 
and wherein said heterocyclic ring is optionally fusee 
5 to an Ar group; 

C and D are independently: 

hydrogen, Ar, C : -C 5 straight or branched chain 
alkvi, cr C : -C. ; straight or crar.ohed or. a in alkenyi, 
wherein any of the carbon atoms tf said alkyi z: 
10 a 1 ken yl are optionally substituted in one or more 
position (s) with C : -C, cycloaikyi, C*-C- cycloalkenyl, 
hydroxy!, carbonyl oxygen, or Ar, v/harein said alkyi, 
alkenyi, cycloalkyl or cycloalkenyl groups are 
optionally substituted with C--C, alkyi, C ; -C, alkenyi, 
15 hydroxy, amino, halo, haloaikyi, thiocarbonyi, ester, 
thioester, alkcxy, aikenoxy, cyano, nitre, imino, 
alkyi amino, aminoaikyi, suifhydryl, thioaikyi, 
sulfonyi, wherein any cf the oarbon atoms of said 
alkyi or alkenyi are optionally substituted in one cr 
20 more positions with oxygen to form a carbonyl, or 
wherein any of the carbon atoms of said alkyi or 
alkenyi are optionally replaced with 0, NK, NR : , S, SO, 
or SO : , wherein R 2 is selected from the group 
consisting of hydrogen, (C : -C. ; ) -straight or branched 
.25 chain alkyi, (C ; .-C s ) -straight or branched chain alkenyi 
or aikynyl, and (C.-C,) bridging alkyi wherein said 
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bridging aikyi forms a heterocyclic ring starting wri- 
the nitrogen of M?.. ar.d ending wich one of the carbon 
acorns of said aikyi or aikenyl chain, and wherein said 
heterocyclic rir.g is optionally fused to an Ar group; 
5 wherein Ar is an aryi or heteroaryi moiety which 

is substituted or ur.substituted; 
W is oxygen cr sulfur; 

"J is either 0 or M, wherein when U is Q, then R-_ 
is a lone pair of electrons and ?. ; is selected from the 
10 group consisting of: 

Ar as defined above, C ; .-C ; cycloalScyl, C,-C s - 
straight or branched chain aikyi or alkenyi, or C : -C. : 
straight or branched chain aikyi or alkenyi 
substituted in one or more positions with Ar, amino, 
15 halo, haloaikyi, hydroxy, trif luoromethyl, C_-C 5 
straight or branched chain aikyi, C : -C s straight or 
branched chain alkenyi, carbcnyi, thiccarbonyi , eseer, 
thioescer, alkoxy, alkenoxy, cyano, nitre, imino, 
alkylamino, amincaikyl, sulfhydryi, thioaikyi, 
->0 sulfonyl, substituted aikyi cr alkenyi wherein any of 
the carbon atoms of the aikyi or alkenyi are 
optionally replaced with S, 30, 30 : , 0, or NR : wherein 
R, is selected from the group consisting of hydrogen, 
(C l -C.-) -straight or branched chain aikyi/ (Cj-C,)- 
•25 straight or branched chain alkenyi or alkynyi, and (C-- 
C,) bridging aikyi wherein said bridging aikyi forms a 
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heterocyclic ring starting with the nitrogen cf MR, 
ending with one of the career, atoms of said alky! cr 
alkenyl chain, and wherein said heterocyclic ring 13 
optionally fused to an Ar grcup or Cj-C, cycioalkyl; 
5 and when U is N\ ?.-. and R : are selected 

independently from the group consisting of: 

hydrogen, as defined above, C,-C« cycioalkyl, 
C.-c, straight or branched chain aikyi or alkenyl, or 
C,-C s straight or branched chain aikyl or alkenyl 
10 substituted in one or more p:sitions with Ar, amino, 
halo, haloaikyl, hydroxy, trif lucromethyi, C : -C ; 
straight or branched chain alkyl, C : -C; straight or 
branched chain alkenyl, carbenyl, thiocarbonyl , ester, 
thioester, alkoxy, aikenoxy, cyano, nitro, imino, 
15 alkylamino, artiinoalkyl, sulfhydryl, thioaikyi, 
sulfonyl, substituted alkyl or alkenyl wherein any cf 
the carbon atoms of the alkyi or alkenyl are 
optionally replaced with S, SZ, SC : , 0, or NR ; wherein 
R : is selected from the group consisting of hydrogen, 
70 (C.-CJ -straight or branched chain alkyl, (C ; -C,;- 

straight cr branched chain alkenyl or alkynyl, and (C : - 
C.,) bridging alkyl wherein said bridging alkyl forms a 
heterocyclic ring starting with the nitrogen of NR : and 
ending with one of the carbon atoms of said alkyl cr 
•25 alkenyl chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group or C,-C, cycioalkyl; 
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or R- and ?- : may be taken together to form- -a 
heterocyclic ring. 

In cref erred embcdinve- ts , Ar is a cyclic cr fused 
cvclic ring and includes a ncr.c-, bi- or tricyclic, 
5 carbo- or heterocyclic ring, wherein the ring is 
either unsubstituted or substituted in one to five 
pcsitionls) with halo, haioalkyi, hydroxy!, nitro, 
trifiucrcmethyi, C,-C s straight cr branched chain 
alkvi, C--C; straight or branched chain alkenyi, C--C, 
10 aikoxy, C : -C ; alkenyioxy, pher.oxy, benzyloxy, amino, 
thiocarbonyl, ester, thicester, cyano, imino, 
alkyiamino, amir.oaikyi, suifhydryi, thicaikyi, and 
sulfonyi; wherein the individual ring sices are 5-3 
members; wherein the heterocyclic ring contains 1-4 
15 heteroatom(s) selected from the group consisting of 0, 
N, or S; wherein aromatic cr tertiary alkyi amines are 
optionally oxidized to a corresponding M-oxide. 

Particularly preferred .-.r croups include phenyl, 
benzyl, naphthyl, pyrrolyi, cyrrolidinyl, pyridinyl, 
20 pyrimidir.yl, purinyl, quinclinyl, isoquinolinyl, 
furyl, thiochenyl, imidazoiyi, oxazoiyl, thiazoiyi, 
pyrazolyl, and thienyl. 

Preferred heterocyclic groups may be selected 
from the group consisting of pyrrolyi, pyrrolidinyl, 
•25 pyridinyl, pyrimidinyl, purinyl, quinclinyl, 
iscquinoiinyi, furyl, thiochenyl, imidazoiyi, 
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oxaoolyl, thiazsiyl, pyraooiyl, thienyl, piperidiny-l, 
and piperaoinyl. 

Particularly preferred compounds of the present 
invention are -elected from the croup consisting of: 
5 2-?henyi?ro?yl (2S! -1- i l-cyciohexyicaroamoyi ) -Z- 

pyrroiidinecarbcthiate (17) ; 

rhenethyi ' (2S) -N- ; oyoiohexyicarba.T.oyi ) -2- 
pyrrolidinecarbothiate (13) ; 

2 - ( 2 , 3 , 5 -Tr imethylphenyl j propy 1 1- ( 1 - 
10 adamantylcarbar.oyi)-2-pyrroiid.necarbothioate (19! ; 

3 - ( 2 , 3 , 5 - T r i m e t h. y 1 p n e n y 1 ) propyl 1 - 
(cyciohexyicarbamoyl) -2-pyrrolidinecarbothioate (20, ; 

3 - (3-Fiuorophenyi) propyl ( 2 S ) - 1 - 

(Cycichexylcarbaiaoyl) -2-?yrro lidinecarbcthioate (21 ; 
]_5 2 - (2-FIuorophenyl) propyl ( 2 S : -!-("- - 

adaiaantylcarbamoyl)-2-pyrrolidinecarbcthioate (22) ; 

3-(2-?iuorophanyli propyl ( 2 S ) - - - 

(cyciohexyioarbarn.oyl)-2-pyrrolidinecarbcthioate (22 ; 
3-(4-Methylphenyli propyl ( 2 S ) - 1 - 

20 (cyciohexylcarbamoyl)-2-pyrrciidinecarbothioate (24;; 

3- ( 4 -Methylphenyl ) propyl (2S)-l-(*-- 
adamaneylcarbamoyi)-2-pyrroiidinecarbothioate (25) ; 

3- ( 4-Methylphenyl) propyl (2S ) -1- < tert- 
butyicarbamoyl)-2-pyrrolidinecarbcthioate (25) ; 
.. 2 5 3 -(2-Ch 1.0 rophenyl) propyl (2S)-1- 

cycichexylcarbamoyl)-2-pyrrolidinecarbcthioate (27,; 

30 
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3 - { 3 , 5-Dime choxyphenyl ) prcpyl (2S)-l-( [ (IS) -I- ci- 
n ap h t r. y i ) e _ h y L 1 - c a r b amc y 1 } - 2 - p y r r z I i dineca r bo ch i o a c a 
(23) ; 

3 , 3 - D i ? h e n y 1 p r c c y 1 (25)-l-f(l,l,3,3- 
5 tetra.-athyibu-yi) carbamoyl] -2-pyrrolidinecarbcthioaca 

(29) ; 

3 - c y c I o h a x y 1 p r o p y 1 ! 2 5 ;■ - 1 - [ ; 2 , c - 

diisccrccylphenyl) carbamoyl] -2 -pyrrolidinacarbc-hioata 
(31) ; 

10 3-CycIchexylpropyl (25) -1- (hexylcarbamcyl ) -2- 

pyrrclidinecarbothioate (32) ; 

3,3-D.phenylpropyl (2S)-l-[(2,4- 
dimsthcxyohenyl) carbamoyl] -2-?yrrolidir.ecarbothioat:e 

(33) ; 

15 3- (3, 5-Dimethoxypher.yl) prcpyl (2S) -l-{ ( (IS, 2R) -2- 

cher. yi-cycloprcpyli carbamoyl] - 2 - 
pyrrclidinecarbothioace (34); 

3-?heaylpropyl ( 2 5 ) - 1 - [ ! 2 , 4 - 

Dimeuhoxypr.er.yl) carbamoyl] -2-pyrrolidinecarbothioace 

20 (35); 

3-?henvlpropyl (2S) -1- '. 1-adamantylcarbamoyl) -2- 
pyrroiidinecarbothioate (36); 

3-Phenylprcpyl (2S) -1- ( 1 - c yclohexy Icarbamo y 1 ) -2- 
pyrrclidir.ecarbothioate (37) ; 
25 3-Phenylproffyl (2S) -1- [ 1- adamant yl ami no) (thioxo:- 

methvl ] -2-pyrrolidinecarbo uhicace (38) ; 



WO 98/29117 



PCT/US97/24070 



3- ( 3 , 4 , 5-Trimethoxypher.yI) propyl ( 2S) -i- 

(hexylcarcamcyi) -2 -pyrroLidi- scarce "hioate (39) ; 

3 - ( 3 , 4 , 5 -T r ime thoxyph er.yi ) p ropy L ( 25 ) - 1 - 
(benzyicarbamcyi: -Z-pyrrclidinecarbcthioaue i 4 0 ;■ ; 
5 3 -Phenyl? ropy 1 (2S) -1- ( d i me t h y I c a r b arac y 1 ) -2- 

cvrrciidinacarbochioate (41) ; 

3-?henyI?rcpyl (2S) -1- { L-pyrrolid-nyicarbamcyl) - 
2-pvrroIidinecarbothioate (42, ; 

3-?her./I?rocyl (2S) -1- :mcrphilir.ccarbamcyl • -2- 
L0 cyrrolidinecarbcchioata (43) ; 

3-?henyl?ropyl (2S) -1- (diiscpropylcarbamoyi) -2- 
pyrrclidinecarbcthioate (44) ; 

3-PhenyIprcpyl (2S) -1- (methyl (phenyl) carbamoyl ] - 
2-pyrrciidinecarbothioate (43! ; and 
15 3-Phenylpropyl (2S) -1- (diphenylcarbamoyi) -2- 

pyrrolidinecarbcthioate . 

The present invention also relates to a 
pharmaceutical composition comprising a 
20 neurotrophical!!/ effective amount of the compound of 

formula I , II/ III or IV, and a pharmaceutical!.*/ 
acceptable carrier. 

The present invention further relates to a method 
of effecting a neuronal activity in an animal, 

.2 5. comprising: 

administering no the animal a neurotrophical!/ 
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effective amount of the compcur.i of formula I, II, r^.r 
cr IV. 

The present invention further relates to the use 
of any of the compounds of Formula I, II, III, iv or 

5 in Table I below in the preparation of a medicament 

for the treatment of a disease such as peripheral 
neuropathy caused by physical injury or disease state, 
ohvsicai damage to the brain, physical damage tc the 
scinai cord, stroke associated with brain damage, 

0 Alzheimer's Disease, Parkinson's Disease, and 

amyotrophic lateral sclerosis. 

The cresent invention also contemplates processes 
for manufacturing the novel compounds, particularly 
the processes delineated below in Schemes 1 and 2. 

.5 

DETAILED DESCRIPTION OF T HS INVENTION 
Definitions 

"Alkyi M means a branched or unbranched saturated 
hydrocarbon chain comprising a designated number of 
carbon atoms. For example, C-C 5 straight or branched 
alkvl hydrocarbon chain contains 1 to 6 carbon atoms, 
and includes but is not limited to substituents such 
as methyl, ethyl, propyl, isc-?ropyl, butyl, isc- 
butyl, tert-butyl, n-pentyl, n-hexyl, and the like, 
25* unless otherwise-indicated. 

^.Ikenyl" means a branched or unbranched 
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unsaturated hydrocarbon chain comprising a des icr.acec 
number of carbon acorns . For example, C : -C s scraighc :: 
branched aikenyi hydrccarbcn chain ccncains 2 to z 
carbon acorns having ac lease me double bond; and 
5 includes but is not limited zz subscituencs such as 

ether.yi, propenyi, isc-prcpenyi, cucenyl, isc-bucenyl, 
cerc-bucenyl, n-?encenyl, n-hexenyl, and one like, 
unless otherwise indicated. 

".-.ikoxy" means the group -OR wherein R is alky! 
10 as herein defined. Preferably, ?. is a branched :r 

unbranched saturated hydrocarbon chain containing 1 zz 
5 carbon acorns . 

"Ar" means an aryl or heceroaryl moiety which is 
subscituted or unsubs ticuted, especially a cyclic :r 
15 fused cyclic ring and includes a mono-, bi- :r 

tricyclic, carbo- or heterocyclic ring, wherein the 
ring is eicher unsubscicuced or substituted in one zz 
five position(s) with halo, haloalkyl, hydroxy!, 
nitro, trifluoromethyi, C--C, scraight or branched 
20 chain aikyl, C : -C, straight or branched chain aikenyi, 

C,-C 5 aikoxy, C : -C s alkenyloxy, phenoxy/ benzyioxy, 
amine, thiocarbonyl, ester, chioester, cyano, imir.o, 
aikylamino, aminoalkyl, sulfhydryi, chioaikyi, and 
suifonyl; whereir. the individual ring sizes are 3-5 
.25. members; wherein the heterocyclic ring contains 1-4 
heteroacom(s) selected from the grcup consisting of Z, 
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N, cr 5; wherein aromatic or tertiary aikyl amir.es a're 
optionally oxidized to a corresponding N-oxide . 
Particularly preferred aryi or heteroaryi moieties 
include but are not Limited to phenyl, benzyl, 
5 r.aphthyi, pyrroiyl, pyrroliiinyi, pyridinyl, 
pyrimidinyl, purir.yi, quir.olir.yi, isoquinoiinyi, 
furyi, thiophenyi, imidazolyl, oxazoiyi, thiazoiyl, 
pyrazoiyi, and thienyl. 

"Halo" means at least one fluoro, chlcro, bromc, 
10 or iodc moiety, unless otherwise indicated. 

"Phenvi" includes all possible isomeric phenyl 
radicals, optionally monosubstituted or multi-substi- 
tuted with substituents selected from the group 
consisting of amino, halo, haioaikyl, hydroxy, 
15 trif iuorcmethyi, C-C 5 straight cr branched' chain 

aikvl, C : -C^ straight or branched chain aikenyi, 
carbonyi, thiocarbonyi, ester, thicester, aikoxy, 
aikenoxy, cyano, nitro, iminc, aikyiamino, aminoalkyi, 
sulfhydryl, thioalkyl, sulfonyl, NR : wherein R : is 
selected from the group consisting of hydrogen, (C : - 
C-i) -straight cr branched chain aikyl, (C.-C?) -straight 
or branched chain aikenyi cr aikynyi, and (C : -C ; ) 
bridging aikyl wherein said bridging aikyl forms a 
heterocyclic ring starting with the nitrogen of NR.. and 
25 ending with one ..of the carbon atoms of said aikyl or 

aikenyi chain, and wherein said heterocyclic ring is 
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10 



optionally fused co an Ar gr:up. 

The term "pharmaceutics iiy acceptable sale, 
ester, or solvate" refers to salts, asters, c: 
solvates of the subject compounds which possess che 
desired pharmacological activity ar.d which are -either 
biologically nor otherwise undesirable. The sal-, 
ester, or solvates can be formed wich ir.orgar.ic acids 
such as acetate, adipate, alginate, aspartate, 
benccate, benzenesuifonate, bisuifata, butyrate, 
citrate, camphorate, campho r sul f ona t e , 
cyclccentanepropionate, digiuconate, dodecylsulf ace, 
ethanesulfonate, fumarate, giucchepcanoate, gluconate, 
glycerophosphate, hemisulfate, heptanoate, hexanoate, 
hydrochloride hydrobromide, hydro iodide, 2- 
hydroxyethanesul f onate, lactate, maleate, 

caethanesulfonate, naphthylate, 2-naphthalenesulf onate, 
nicotinate, oxalate, sulfate, thiocyanate, tosyiste 
and undecanoate. Base salt, ester, or solvates 
include ammonium salts, alkali metal salts such as 
1 sodium and potassium salts, alkaline earth metal salts 

•such as calcium and magnesium salts, salt with organic 
bases such as dicyclohexylamine salts, N-methyi-D- 
glucamine, and salts with amino acids such as 
arginine, lysine, and so fsrth. Also, the basic 
25 nitrogen-containing groups can be quartern! ted with 

such agents .as lower alky! haiides, such as methyl, 
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ethyl, propyl, and bucy^ cnicnde, bromides sr.c 
iodides; diaikyl sulfates like dimethyl, diethyl, 
dibutvi and diamyl sulfates, long -hair, halites such 
v;. =5 decyl, lauryi, myristyi and stearyl ohicrides, 

;i 5 bromides and iodides, araikyl bailees ii>e benzyl and 

phenethyi bromides and others. water or oil-soluble 
or dispersibie products are thereby obtained. 

The compounds of this, invention may possess at 
least one asymmetric "center and thus can be produced 
10 as mixtures of stereoisomers or as individual 

enantiomers or dias tereomers . The individual 

stereoisomers may be obtained by using an optically 
active starting material, by resolving a racemic or 
nor.-racemic mixture of an intermediate at some 
15 appropriate stage of the synthesis, or by resolution 

of the compound of formula (I, . It is understood that 
the individual stereoisomers es well as mixtures 
(racemic and non-racemic) of stereoisomers are encom- 
passed by the scope of the present invention. The 3- 
20 stereoisomer at atom 1 of formula I is most preferred 

due to its greater activity. 

"Isomers" are different compounds that have the 
same molecular formula and includes cyclic isomers 
such as (iso) indole and other isomerio forms of cyclic 
25 moieties . 

" v ' "<;t-^oisc:^r^" -re • srriers th*t -iiff-r only in 
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the way che a terns are arranged in scare. 

"Inanticmers" are a pair cf scerecis.cr.ers chat 
are ncn-superimpcsabie mirror images cf earn ether. 

" Z iascerecisomers" are stereoisomers which ar- 
5 not mirrcr images of each other. 

"?.acemic mixture" means a mixture ccr- = *-^-~ 

r 

equal parts cf individual enar.ticmer's . "Ncn-racemir 
mixture" is a mixture containing unequal p^rcs : : 
Individual er.ancicmers or stereoisomers . 

0 The cere 1 , "preventing neurcdeger.eraticr." as usee 

herein includes the ability to prevent 
neurodegeneraticn in patients newly diagnosed as 
having a neurodegenerative disease, or ac risk cf 
developing a new degenerative disease ano for 

5 preventing further neurodegeneraticn in patier.es whe 

are already suffering from or have symptoms cf a 
neurodegenerative disease. 

The terra 11 treatment' 1 as used herein cc vers any 
treatment: of a disease and/or condition in an animal, 

0 particularly a human, and includes: 

(i) preventing a disease and/or condicicr. from 
occurring in a subject which may be predisposed to the 
disease and/or condition but has net yet been diag- 
nosed as having it; 

5 (ii) inhibiting the disease and/or ccndicicn, 

i.e., arresting its development; or 
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(ill) relieving the disease and/or ccr.di tier., 
i.e., causing regression of ~he disease and/cr condi- 
tion. 

The system used in naming the compounds of che 
5 eraser." invention is shown below, using a compound of 
formula IV as an example. 

A compound of the present invention, especially 
Formula IV, wherein n is 1, X is 0, Y is (CH : 5 :/ Z is 
CH, C is 3-pyridyl, D is H, w is 0, 0 r is M, ?,1 is K 
10 and 9.2 is 2-meohylbutyl , is named 3- ( 3-pyridyl ) -1- 
prcpyimercaptyi (2s) -l-[ (2-mechyIbutyi) carbamoyl] 
pyrrclidine-2-carbcxylate . ■ 

ggmpaunds of the Invention 
]_5 The neurotrophic low molecular weight, small 

molecule FK3P inhibitor compounds of this invention 
have an affinitv for FKBP-typs immunochilins, such as 
FK3P12. When the neurotrophic compounds zz this 
invention are bound to an FKHP-type immunophilin, they 
have been found to inhibit the prolyl-peptidyl cis- 
trans isomerase activity, or rotamase, activity of the 
binding protein and unexpectedly stimulate neurice 
growth . 

Specific exemplifications of these embodiments 
.25 are presented in TABLE I. 
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TA3LI I : COMPOUNDS 
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11 2 O (CHO; CK Phenyl 

12 2 0 {CH : ) 2 CH Phenyl 

13 2 0 DirectCH 2-Phenyl 

Bond ethyl 

14 2 0 DirectCH 2-Phenyl 

Bond ethyl 

15 2 S DirectCH 2-Phenyl 

Bond ethyl 

16 2 0 (CK. ) ; CH 4-Methoxy 

phenyl 

17 l o (CK : ); CH Phenyl 



H 
H 



K 
H 



2-Phenyl H 
ethyl 

2-Phenyl K 
ethyl 

2-Phenyl H 
ethyl 

K H 
K H 
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Cyclchexyi 



WO 98/29117 



PCT/US97/24070 



V 



h 



No a W Z C 

13 1 0 CH : CH Phenyl 

19 1 0 (CH : ) : CH 2, 3, 5 Tri 

mechylphenyl 

20 1 0 (CH : ) : CH 2,3,5 Tri 

mechyiphenyl 

21 1 C iCH ; ) : CH 3-riuoro 

phenyl 

5 22 1 0 (CH : ) : CH 2-r"lucrc 

phenyl 

23 1 0 (CH : ); CH 2-Fluoro 

phenyl 

24 1 0 (CH;) : CH 4-Methyl 

phenyl 

25 1 0 (CH : ); CH 4-Methyl H 

phenyl 

26 1 0 (CH : ) : CH 4-Methyl K 

phenyl 

10 27 i o (CH : ); CH 2-Chloro K 

phenyl 

23 1 0 (CHO; CH 3,5-Dimeth H 

cxyphenyl 

29 1 0 (CH : ); CH Phenyl Phenyl 

31 1 0 (CH : ) : CH Cyclohexyl H 

32 1 0 (CH : ); CH Cyclohexyl K 

15 33 1 0 (CH : ) : CH Phenyl Phenyl 

34 1 0 (CH;) : CH 3,5-Diraeth K 

oxyphenyl 

35 1 0 (CH;! : CH Phenyl K 

36 1 0 (CH 2 ) : CH Phenyl H 

37 1 0 (CH;) : CH Phenyl H 
20 38 1 0 (CH 2 ); CH Phenyl K 

39 1 0 (CK;) : CH (3,4,5- H 

Trimethoxy) 
phenyl 

40 1 0 (CH;) : CH (3,4,5- H 

Trimethoxy ) 
phenyl 



K Cyclohexyl 

H Adamant yl 

H Cyclohexyl 

H Cyclohexyl 

H Adamant yl 



H Cyclohexyl 

H Cyclohexyl 
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K Tert-butyl 

H Cyclohexyl 
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H 2, 6-Diisopropyl 
phenyl 

H Hexyl 

H 2 , 4 -Dime the xy 
phenyl 

K 2-Phenylcyclo 
propyl 

H 2, 4-Dimethoxy 
phenyl 

H " Adamantyl 

H Cyclohexyl 

H Adamant"/! 

H Hexyl 

H Eenzvi 
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No n W ':' Z C 

4110 (CHM , CH Pheny 



Rl ?.2 

CH, CH, 



42 1 0 (CH-! - CH Phenv 



4'3 1 0 (CH,) . CH Phenyl 



44 i o (c:-: : ) 

45 i 0 (CH-) 



CH Phenyl 
CH Phenvl 



4o 1 0 (CH,N CH Phenyl 



n 



r : ,r : = -c>: 

CH : - (eye] 

R, ,R- = -Cr. 
CK : -" (eye: 

R : =R ; =Diis 

CH 2 Pher.y 

R,=R. = ?her. 
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The compounds of the cresen: invention exist 
stereciscmeric forms, either enar.tiomers or 
diascerec isomers . Included wiihir. the scope or -the 
invention are the enanticmers , one racemic form, and 
5 diastereoisomeric mixtures. Inar.tiomers and 

diasterec isomers can be separated by methods known 
to those skilled in the art. 



Methods of Using the Compounds of the Invention 

10 The compounds of the present invention have an 

affinity for the FK506 binding protein, particularly 
FK3P12, which is present in the neuronal tissue. 
When the inventive compounds bind to FK3P in 
neuronal tissue, they exhibit excellent neurotrophic 

15 activity. This activity is useful in the 

stimulation of damaged neurons, the promotion of 
neuronal regeneration, the prevention of 
neurcdegeneration, and the treatment of several 
neurological disorders known to be associated with 

°0 neuronal degeneration and peripheral neuropathies. 
For the foregoing reasons, the present 
invention further relates to a method of effecting a 
neuronal activity in an animal, comprising: 

administering to the animal a neuro trochlea ily 

25 effective amount of a compound of formula I, II/ III 

or IV. 
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In a preferred embodimer. t , the neuronal 
activity is selected from the group consisting of 
s simulation of damaged neurons , promotion of 
. neuronal regeneration, prevention of 
5 r.eurtdegeneration and treatment zz neurc logioai 

disorder. 

The compounds cf the present invention are 
partiouiariy useful for preventing neurodegeneration 
in patients suffering from a neurodegenerative 
10 disease or who have symptoms of a neurodegenerative 

disease. The compounds are also useful for 
preventing neurodegeneration in patients newly 
diagnosed as having a neurodegenerative disease or 
at risk for developing a neurt degenerative disease. 
15 These compounds are also useful for, but not limited 

to, preventing neurodegeneration in patients 
suffering from Parkinson's disease or having 
symptoms of Parkinson's disease. These treatment 
methods are exemplified in the MPT? Model and data 
20 described herein. 

The neurological disorders that may be treated 
include but are not limited to: trigeminal 
neuralgia; glossopharyngeal neuralgia; Bell's Palsy; 
myasthenia gravis; muscular dystrophy; amyotrophic 
25 lateral sclerosis; progressive muscular atrophy; 

progressive bulbar inherited muscular atrophy; 
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hern i a zee; ruptured or prolapsed ir.ver tebrate dis!<s- 
syndromes; cervical spency Its is ; plexus disorder- 
thoracic cutlet destruction, syr.drzmes; peripheral 
neurcpathic such as those caused by lead, dapsone, 
5 ticks, porphyria, or Guillair.-3arre syndrcme; 
Alzheimer's disease; and Parkinson * s disease. 

The compounds of the present invention are 
particularly useful for treating a neurological 
disorder selected from the group consisting of: 

10 peripheral neuropathy caused cy physical injury or 
disease state, physical damage to the brain, 
physical damage to the spinal cord, stroke 
associated with brain damage, and neurological 
disorder relating to neurodegeneration . Examples of 

15 neurological disorders relating to neurodegeneration 
are Alzheimer's Disease, Parkinson's Disease, and 
amyotrophic lateral sclerosis. 

p^ Tmaeeutica l Compositions of the Invention 
The present invention aisc relates to a pharma- 

20 ceuticai composition comprising: 

(i) a neurotrophical!// effective amount of the 
compound of formula I, II, III or IV, and 

(ii) a pharmaceutical!;/ acceptable carrier. 
The above discussion relating to the utility 

25 and administration of the compounds of the present 
invention also applies to the pharmaceutical 
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compositions of the prase:.: invention. 

The term "pharmaceutical! y acceptable carrier" 
as used herein refers to any carrier, diluent, 
excipient, suspending agent, lubricating agent, 
5 adjuvant, vehicle, delivery system, emuls ifier, 

dis integrant, absorbant, preservative, surfactant, 
colcrant, fiavorant, or sweetener. 

::r these purposes the compounds cf the present 
invention may be administered orally, parenterally, 
10 by inhalation spray, topically, rectally, nasally, 

buccally, vaginally or via an implanted reservoir in 
dosage formulations containing conventional non- 
toxic pharmaceutical ly- accept able carriers, 
adjuvants and vehicles. The term parenteral as used 
15 herein includes subcutaneous, intravenous, 

intramuscular, intraperitoneal ly, intrathecal ly, 
intraventricular!*/, intras terr.ai and intracranial 
injection or infusion techniques. 

For oral administration, the compounds of the 
20 present invention may be provided in any suitable 
dosage form known in the art. Tor example, the 
compositions may be incorporated into tablets, 
powders, granules, beads, chewable lozenges, 
capsules, liquids, aqueous suspensions cr solutions, 
25 or similar dosage forms, using conventional 

equipment and techniques known in the art. Tablet 
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dosage forms are preferred. Tablets may contain 
carriers such as lactose and ccrr search, and/or 
lubricating agents such as magnesium stearate. 
Capsules may contain diluents including lactose and 
5 dried corn starch. Aqueous suspensions may contain 
emulsifying and suspending ager.es combined with the 
active ingredient. 

When preparing dosage for" incarcerating the 
compositions of che invention, one compounds may 

10 also be blended with conventional excipients such as 
binders, including gelatin, pregeiacinited starch, 
and the like; lubricants, such as hydrogenated 
vegetable oil, stearic acid, and the like; diluents, 
such as lactose, mannose, and sucrose; 

15 disintegrants, such as carboxymethylceilulose and 

sodium starch giycolate; suspending agents, such as 
povidone/ polyvinyl alcohol, and the like; 
abscrbants, such as silicon dioxide; preservatives, 
such as methylparaben, propylparaben, and sodium 

20 benzoate; surfactants, such as sodium iauryl 

sulfate, polysorbate 30, and the like; colorants 
such as F.D.& C. dyes and lakes; fiavorants; and 
sweeteners . 

Compositions and methods of the invention also 
25 mav utilize controlled release technology. Thus, 
for example, the inventive compounds may be 
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incorporated into a hyd.rccr.cc i c pel yme r matrix for'- 
controlled release over a period : f days. Such 
controlled release films are well >r.:wr. to the art. 
Particularly preferred are transdermal delivery 
5 svscems. Other examples of polymers commonly 

employed for this purpose that may he used in the 
present invention include ncr.decradac le ethyier.e- 
vinvi acetate copolymer and degradacle lactic acid- 
glycolic acid copolymers which may he used 
10 externally or internally. Certain hydrogeis such as 
po 1 y ( h ydr o :< y e t h y 1 me t hac r y 1 a t e or pel y ; vi n y 1 a 1 co ho 1 
also may be useful, but for shorter release cycles 
then the other polymer releases systems, such as 
those mentioned above. 
15 To be effective therapeutically as central 

nervous system targets, the compounds of the present 
invention should readily penetrate the blood-brain 
barrier when peripherally administered . Compounds 
which cannot penetrate the biccd-crain barrier can 
"> be effectively administered by an intraventricular 
route or other appropriate delivery system suitable 
for administration to the brain. 

The compounds of the present invention may be 
administered in the form of sterile injectable 
25 preparations, fo.r example, as sterile injectable 
acrueous or oleaginous suspensions. These 



suspensions may be formulated according to 
techniques known in the art using suitable 
dispersing or wetting agents and suspending agents. 
The sterile injectable preparations may also be 
sterile injectable solutions :r suspensions in non- 
toxic parenterally-acceptabie diluents or solvents, 
for example/ as solutions in 1, 3-butanedioi . Among 
the acceptable vehicles -and stivents that may be 
employed are water, Ringer's solution and isotonic 
sodium chloride solution. In addition, sterile, 
fixed oils are conventionally employed as solvents 
or suspending mediums. For this purpose, any bland 
fixed oil may be employed including synthetic monc- 
or ci-glycerides . Fatty acids such as oleic acid 
and its glyceride derivatives, including olive oil 
and castor oil, especially in their poiyoxyethyiated 
versions, are useful in the preparation of 
injectables. These oil solutions or suspensions may 
also contain long-chain alcohol diluents or 
dispersants . 

The compounds of this invention may also be 
administered rectally in the form of suppositories. 
These compositions can be prepared by mixing the 
drug with a suitable non-irritating excipient which 
is solid at room temperature, but liquid at rectal 
temperature and, therefore, will melt ir. the rectum 
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to release the drug. Such materials include c;c:=- 
butter, beeswax and polyethylene glycols . 

The compounds of this invention may also be 
administered topically, especially when the 
5 conditions addressed for treatment involve areas cr 
organs readily accessible by topical application, 
including neurological disorders of the eye, the 
skin, or the lower intestinal tract. Suitable 
topical formulations are readily prepared for each 
10 of these areas. 

For topical application to the eye, or 
ODhthaimic use, the compounds can be formulated as 
microniced suspensions in isotonic, pH adjusted 
sterile saline, cr, preferably, as solutions in 
15 isotonic, pH adjusted sterile saline, either with or 

without a preservative such as benzyialkonium 
chloride, alternatively for the cphthalmic uses the 
compounds may be formulated in an ointment such as 
petrolatum. 

?0 For topical application to the skin, the 

compounds can be formulated in a suitable ointment 
containing the compound suspended cr dissolved in, 
for example, a mixture with one or more of the 
following:, mineral oil, liquid petrolatum, ■ white 

25 oetroiatum, oropylene glycol, poiycxyethylene 

- polycxypropylene compound, emulsifying wax and 
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water. Alternatively, Che compounds can be 
formulated in a suitable lotion or cream cor.tainir.c 
the active compound suspended or dissolved in, for 
example, a mixture of one or more of the following: 
5 mineral oil, sorbitan mcnos tearate, pclyscrbate 50, 
cetyi esters wax, cetearyi alcohol, 2- 
octyidcdecanol, benzyl aicoh:! and wacer. 

Topical application for one lower intestinal 
tract an be effected in a rectal suppository 
10 formulation (see above) or in a suitable enema 

formulation . 

Dosage levels on the order of about 0.1 mg to 
about 10,000 mg of the active ingredient compound 
are useful in the treatment of the above conditions, 
15 with preferred levels of about 0.1 mg to about 1,000 
mg. The amount of active ingredient that may be 
combined with the carrier materials to produce a 
single dosage form will vary depending upon the host 
treated and the particular mode of administration. 
~q it is understood, however, that a specific dose 

level for any particular patient will depend upon a 
variety of factors including the activity of the 
specific compound employed, the age, body weight, 
general health, sex, diet, time of administration, 
25 rate of excretion, drug combination, and the 

severity of the particular disease being treated and 
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form z f administration. 

The compounds can be admmis tared with other 
neurotrophic agents such as neurotrophic growth 
■ factor (NGc") , glial derived growth factor, brain 
5 derived growth factor, ciliary neurotrophic factor, 
and neurctropin-3 . The dosage level of other 
neurotrophic drugs will depend upon the factors 
previously stated and the neuro trophic effectiveness 
of the drug combination. 

10 

The present invention relates to the use of any 
of the compounds seen in Table I in the preparation 
of a medicament for the treatment of a disease such 
as peripheral neuropathy caused by physical injury 
15 or disease state, physical damage to the brain, 

physical damage to the spinal cord, stroke 
associated with brain damage, Alzheimer's Disease, 
Parkinson's Disease, and amyotrophic lateral 
sclerosis . 

20 The present invention also contemplates 

processes for manufacturing the novel compounds, 
particularly the processes delineated in schemes 1 
and 2 . 
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Methods cf MaScir.c the Compounds of the InvgnH on - . 
The novel compounds cf this invention may be 
readilv prepared by standard techniques of organic 
chemistry, utilising the general synthetic pathway 
5 depicted below. As described by Scheme 1, cyclic 

amino acids 1 protected by suitable blocking groups 
? on the amino acid nitrogen may be reacted with 
thiols RSH to generate thioescers 2. After removal 
of the protecting group, the free amine 3 may be 
10 reacted with a variety cf isccyanates or 

isothiocyanates to provide the final ureas or 
thioureas , respectively. 



(CH:)n 




(Qfc)n 



OH 



N 

i o 

1 



R-SH 



Coupling 
Method 




N 

I o 

1 



■R Deprotect 
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Isccyanaces (R'NCC) c: iscthiccyanates (R'NCS)- 
4 may be conveniently prepared frcrr. "he 
corresponding readily available a-.mes by reaction 
with chosgene or thiophcsgene, as depicted ir. Scheme 
5 2. 

W 




R'-NCW 



SCHENE 2 



Thiols R-SH may be conveniently prepared 
from the corresponding readily available alcohols or 
10 halides via a two step replacement of halide by 
sulfur, as described in Scheme 3. Halides may be 
reacted with thiourea, and the corresponding alkyi 
thiouronium salts hydrolyzed zz provide thiols RSK. 
If alcohols are used as the starting materials, they 
15 may be first converted to the corresponding halides 
bv standard methods. 
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-OH 



PBn 
or 

CBr-/PtoP 



I) 



R Br 



Ntfc 

R- 



•SH 



2) OH" 



SCHEME 3 



Examples 

The following examples are illustrative of the 
present invention and are net intended to be limita- 
5 tions thereon. unless otherwise specified, all 

percentages are based on 100* by weight of the final 
compound. 

FiXPMPLS 1 

10 synfnpsis nf t- f 3-P vr MvU -l-r-ocvlnercaptvl 22-1- 

r ^- ma rh V ]hiit-yi ira^atnn'/llr v^l idina--?-car-oxv:ate. 

(1) 

^_ ( 3-pvridvl' - 1 -oronvlchlor ide 
15 To a solution of 3- (3-?yridyl) -1-procancl (10 

g; 72.4 mmol) mi chloroform (100 mL) was added 
dropwise a solution of thionyi chloride (12.9 g; 
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108.6 Kaol) in chloroform (50 mL* . The resulting 
mixture was re fluxed for 1 hour, "her. poured into 
ice-ccid 50* aqueous potassium hydroxide (150 mL) . 
The lavs r 5 were separated, ar.d the organic phase was 
5 dried, concentrated, and purified or. a silica gel 

cciumr., elutir.g with .40* ethylacetate ir. hexar.e, to 
obtain 10 g (65*) of the chlcride as a clear oil, H 
NMR -.300 MKZ , CDC1 3 ) : 5 2.02-2.11 (m, 2H ; 2.7" (m, 
2K) ; 3.51 (m, 2K) ; 7.20 (in, IK); 7.49 (-, IHi ; 5.45 
10 (m, 2K! . 



A mixture of 3- (3-pyridyi: -l-prc?ylchioride (3 
g; 19.4 mac I) ar.d thiourea {1.43 g; 15.4 mmol, in 

15 ethar.ol (10 mL) was refiuxed f:r 24 hours. Aqueous 
sodium hydroxide, 15 mL of a 0.75 N solution, was 
added, and the mixture was refiuxed for an 
additionai 2 hrs. After cooiir.g to room temperature., 
the solvent was removed in vacuo. Chromatographic 

20 purification of the crude thiol on a silica gel 
column eiuting with 50% ethyl acetate in hexane 
delivered 1.2 g of 3- ( 3-Pyridyi) -l-prcpyimerca?tan 
as a clear liquid l H NMR (300 MHZ, CDClj) : 5 1.34 (m, 
IK); 1.90 (m, 2H) ; 2.52 (m, 2H> ; 2.71 (m, 2K) ; 7.31 

25 (m, 1H5 ; 7.47 (m, 1H) ; 8.42 (m, 2H) . 
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j',.3v>v-ivl) - 1 -srnoy'tmercactvl N- ( r*.— - 

A mixture cf M- ( cer "-buiylycxycarbonyi 1 - (S) - 
■ proline (3.0 g; 13.9 mmoi) ; 2- ( 2-?yridyl) -1- 
5 p rc c y ime reap tar. (3.20 g; 20. r mmoi), 

dicvcichexyicarbcdiimide (4.39 g; 22.24 mr,ci), 
camcr.rrsulfonic acid (1.03 g; 4.62 sell, ar.d 4- 
dimet'-.yiaminopyridine (0.60 g; 4.63 mmoi) ir. dry 
methylene chloride (100 mL) was stirred overnight. 
10 The reaction mixture was diluted with methylene 

chloride (50 mL) and water (100 mL) , and the layers 
were separated. The organic phase was washed with 
water (3 x 100 mL) , dried over magnesium sulfate, 
and concentrated, and the crude residue was purified 
15 on a silica gel column elutir.g with ethyl acetate to 
obtain 4 . 50 g (95») of the thicester as a thick oil, 
l H NMR (300 MKZ, CDClj) : 5 1.45 (s, 9H) ; 1.70-2.05 
(m, 5K); 2.32 (m, IK); 2.71 {-_, 2H) ; 2.85 (m, 2K) ; 
3.50 (a, 2H); 4.18 (m, 1H) ; 7.24 (m, 1H) ; 7.51 (m, 
20 1H) ; 3.43 (m, 2H) . 



A solution of 3-(3-?yridyi)-i-mercaptyl N- 
25 ( csrt-butyiyoxycarbonyi)pyrroiidine-2-carbcxylate 

(4.50 c; 13*1 mmol) in methylene chloride (60 mL) 
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and tnf iuoroacetic acid ( c ml) was stirred at rccrti 
temperature for three hours. Saturated potassium 
carbonate was added until the p~ was basic, and the 
reaction mixture was extracted with methylene 
5 chloride (3x) . The combined organic extracts were 

dried and concentrated to yield 2.35 g (75*; of the 
free amine as a thick oil, H MM?. (30C MHZ , :iCi : ) : 5 
1.37-2.20 (m, SK) ; 2.79 (m, 2H. ; 3.03-3.15 m, 4H 
total-; 3.34 (m, IK); 7.32 (m, IK) ; 7.60 IK) ; 

10 3.57 (m, 2K) . 

/ 1-Dyridv.M -l-crocvlrr.erras rvl 2?-!-' 2- 
mArhvibu^vl) carbamrvllovrrolidine-2-carbcxvlate (1) 
A solution of 2-methylbutyiamir.e (113 rag; 1.3 mmoi) 

15 and tr iethyiamine (132 mg; 1.3 mmol) in methylene 

chloride (5 mL) was added to a solution of 
trichosgene (123 mg; 0.43 mmol. m methylene 
chloride (5 mL) . The resulting mixture was refluxed 
for 1 hour and then cooled to room temperature. 3- 

20 (3-Pyridyl) -1-propyimercaptyi pyrrol idme-2- 

carboxviate (300 mg; 1.3 mmol) in 5 mL of methylene 
chloride was added and the resulting mixture was 
stirred for 1 hour and then partitioned between 
water and a 1:1 mixture of ethyl acetate and hexane . 

25 The organic phase was cried, concentrated and 

purified by column chromatography ( 50- ethyl 
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ace cate /haxane ) to obtain 2 5 C mg (35*) c f ~r.e 
compound cf Example 1 (1, Tails Z) as an oil, K 
NMR (200 MHZ, CDC1 3 ) : d l H MM?, (CDCl,, 300 MHZ } : 6 
0.39-0.93 (m, Sri); 1.10-1.20 (m, 1H) ; 1.27 ( 5 , IH) ; 
1.36-1. oC (m, 2H) ; 1.72 (2, 2H',; 1.97-2.23 (a, SH) ; 
2.70-2.75 (m, 2H) ; 2.92-3.54 !:?., Sr.); 4.45-4.47 { a , 
1H) ; 7.21-7.29 (m, IK); 7.53-7.55 (eld, 1H) ; 3.46- 
3.43 (s, 2K) . 



10 



Example 2 

Svnrha;: - of 3- ' 3-PvridvH -l-orcnvl 25-1- ' ■' 1 ' , 1 ' - 
15 Dimerhylcroovl i carbamoyl 1 cvrr: lidir.g-2-carboxvlata 

(2) 

Reaction, of 3- ( 3-pyridyi ) -l-prcpyimercaptyi 
pyrroiidine-2-carboxylate wier. "he isocyanate 
generated from t ere -amy lamina and triphosgene, as 

2 r described for Example 1, provided the compound of 
Example 2 (2, Table 1) in 62% yield, l H NMR (CDClj, 
300 MHZ): 5 0.83 (t, 3H) ; 1.27 (s, 6H) ; 1.64-1.71 
(m, 2K) ; 1.91-2.02 (m, 7H) ; 2.65-2.71 (t, 2H) ; 2.35 
(m, 2K) ; 3.29-3.42 (m, 2H) ; 4.11 (br, 1H) ; 4.37-4.41 

25 . (m, 1H; . 



WO 98/29117 



Ex srr.t: 1 e 3 



PCT/US97/24070 



- f frv-L-h^xvl' thi^carbazacvli -svrrr iidir.e-?- 
5 rar'rcxvht; 
(7) 

A mixture of c y c 1 o h e x y 1 i s c t h i c c y = a t a 120 nig; C-.9 
mmoi! , 3- (3-pyndyl) -i-prcpylnercaptyi pyrrc lidir.e- 
2-carboxyiate (200 trig; 0.9 ncr.cl) and triethylamir.e 
10 (90 mg; 0.9 mmol) in 20 mL cf methylene chloride was 

the resulting mixture was stirred for 1 hour and 
Chen partitioned between wat = r ar.d a 1 : '. mixture of 
ethyl acetate and hexane . The organic chase was 
dried, concentrated and purified by column 
15 chromatography (50% ethyl acetats/hexar.e; to obtain 
160 mg (47%) of the compound of Example 2 (7, Table 
I), NMR (CDCi,, 300 MKZ) : 5 1.16-1.40 (m, 6H) ; 

1.50-1.71 (m, 4H) ; 1.95-2. OS (a, 7H) ; 2.70-2.75 (t, 
2H) ; 3.03 (m, 2H) ; 3.40-3.6C (m, 2H) ; 4. 95-4. 93 (d, 
->n ih) ; 5.26-5.29 (d, 1H) ; 7.17-7.25 (m, 1H; . 

FXAMPLZ 4 

SvntheqT" of 3-Phen// 1 oroo v 1 ' 2 5 ■ - 1 - f 1 - 
.25 cycloheyv 1 rarbaaovl) - 

2-ovrr^ y . ^ingtrarbothioate ( 1 ) 

O': 
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The compound was prepared in accordance with 
the procedures used in the above examples and 
yielded an cpcicaliy pure compound as a s;i:k white 
solio, wich a chemical formula of C :: H : .. : N ; 0 : S , a 
5 molecular weighc of 375.56, NMR (CCClj, 3C0 MHZ;: 
5 1.10-1.19 (m,4H); 1.30-1.33 (si, 3K) ; 1.51-1.71 
(m,2Hi; 1.8 4-2.03 (m, 6H) ; 2.6= ( c , 2H, J=7 . 75 ) ; 2.3 7 
(t,2H, J=7.57) ; 3.33-3.39 (m, IHi ; 3.45-3.50 <m, 1H! ; 
3.63-3.57 (si, IK); 4.13 (d, 2K, J=7 . 35) ; 4.55 
10 (dd, 1H, J=2 . 14, 6.05) ; 7.11-7.29 (m, 5K) . Thin Layer 

Chromatography yielded a result of R f = 0.4 3 (50? 
ETOAc/Hexane) . 

15 Synthesis nf Phqn arhvl f 2S^ -M- i cvclohaxylct rhamovl ) - 

2-ovrrc- ■ idinecarbothioate (13) 

The compound was prepared in accordance with 
the procedures used for the above examples and 
yielded an optically pure compound as a clear oil 
?Q with a molecular formula of C :: H : =N : 0 ; S, molecular 
weight of 360.63, l H NMR (CDC1 : , 300 MKZ) : c 1.06- 
1.33 (m,7H); 1.61-1.72 (m,2K); 1.93-2.13 (m, 4Hj ; 
2.84 (t,2H, J=7.57) ; 3.10 ( t, 2H, J=7 . 0 ) ; 3.33-3.35 
(a, 1H) ; 3.44-3.45 (m, 1H) ; 3.54-3.67 (m, 1H) ; 4.17 
25 (bd, 1K,vJ=7.94) ; 4.55 (bd, 1H, J=3 . 37 ) ; 7.20-7.31 

(m, SKI . Thin Layer Chrmoatocraphy yielded a result 
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of R.- = 0.13 {50* Hexar.e : "C.-.c; . 

example 5 

9vr -u ag ^ 3.5-Tri?.gThv:rr.sr.vn-rocvl 1-m- 

5 .^d. a .Tr. a .r-v:c^H a ,r n cvM-2-ovrr;:i~ir.ecarbo':hla-:e (19) 
The compound was prepared ir. accordance with 
the above examples and yielded ar. optically pure 
compound as a colorless oil wi-h a molecular formula 
of C :J K 40 N : O : S, molecular weight of 468.65, "-K NMR 
10 (CDC1 ;/ 300 MKZ) : 5 1.50 (s,3H;; 1.67 (bs, 5K) ; 1.32- 

1.90 (ra,2H); 2.01 (s,6K); 2.15-2.20 (m, 4H) ; 2.10 
(s,3K); 2.15 (s,3H); 2.19 (s,3K;; 2.63 
(t, 2H, J=o.66) ; 3.30 (m, IK) ; 3.42 (m, 1H) ; 4.15 
(S,1K); 4.52 (m, IK); 7.01 (d, 2K, -J- 10 . 43 ) . Thin 
15 Layer Chromatography yielded a result of R : - = 0.32 

(80* EtOAc/hexane) . 

f.xample " 

Svnl-frosis Vi?.3.S-Tri!Hg^ v'^j.nvlioroovl 1- 
-n frvrlnhev'/lrg^bamovl) -2-nvrroIidj n°rarhothioate (20) 

The compound was prepared in accordance with 
the procedures used in the above examples and 
yielded an optically pure compound as a colorless 
oil wich a molecular formula of C :4 H„N : O : S-0.75 H,0, . 
25 molecular weight of 430.13, -H NMR (CDC1,, 300 MKZ): 

5 1.05-1.19 (m, 3H); 1.22-1.43 (m, 2K) ; 1.53-1.55 
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(m,lH); L. 71-1.74 (ru, 2K) ; 1.75-1.30 in, 2H) ; 1.31- 
1.S5 (m,3H); 1.96-2.03 (m, 2H! ; 2.10 is,3K); 2.15 
(5,3k) 2.20 (s,3K); 2.63 ( t , 2K, J«7 . 95 ) ; 2.90 (t,2K!; 
3.38 (q, 1H) ; '3.40-3.43 (a, IK'; ; 3.61-3.59 (-, IK) ; 
5 4.19 (d, 1H, J=3 .22) ; 4.56 (d, IK; ; 5.95 

id, 2H, J=I2 . 05) . Thin Layer Chromatography yielded =. 
result of ?..- = 0.47 (30% Etc.-.c /hexar.e; . 



10 Syr, the 51* of 1- f 3-~liiorccher.vl '■ crocvl f 2 S ^ - 1 - 

( Cvclohexvlca rbamo vl 1 -2-ovr" 1 i dinecarbothica te (21) 

The compcur.d was prepared in accordance with 
the procedures used in the above examples an yielded 
an optically pure compound as a white solid with a 

15 molecular formula of C ;; H : .,N : C : 5F, a molecular weight 
of 392.56, "-K NMR <CDC1 : ., 30: MHZ) : 5 1.07-1.43 
(m, 6K) ; 1.63-1.7 3 (m, 2H) ; 1.3 7-2.0 9 (cm, 7Hi ; 2.67 
(t,2H, J=7.46) ; 2.35 ( t, 2H, J=7 . 45) ; 3.35-3.37 (m, 1H) ; 
3.46-3.48 (m, LH) ; 3.65-3.67 (m, IK) ; 4.19 

20 (d, 1H, J=7.84) ; 4.55 (d, 1H, J-7 .90) ; 6.34-6.95 (m, 3H) ; 

7.21-7.24 (m, 1H) . Thin Layer Chromatography yielded 
a result of R ; = 0.19 (20% EtCAc/hexane) . 

EXAMPLE 9 

25 S'/nhhagjs of 3- I nor ooher.vl ■ srocvl f?S)-l-<l- 

adamgnry^r^rbamevl ' -^-rv/r- n 1 - idinerarbnthinatg (22) 
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The comcour.d was prepared r. accordance wirh 
che procedures used in. "he above examples and 
yielded an optically pure compound as a colorless 
oil with a molecular formula of C ; =H ;: M : 0 : SE\ a 
5 molecular weigh" cf 444.64, '-K MM?. (CDCi,, 2C0 MHZ) : 

5 1.66 (bs,5K); 1.99 (s,2K); 2.G4 (bs, SK) ; 2 . 06-2 . 19 
(bs,SK); 2.25 (m, I'd) ; 2.59 !t,2H:; 2.36 (t,2H); 3.42 
(m, IK); 3.57 (m, IK) ; 4.25 (m,2H;; 4.57 (m, 1H) ; 7.05 
(m, 2K) ; 7.13 (m,2K). Thin Layer Chromatography 
10 yielded a result of R : - = 0.70 (IcQ.-.c! . 



\fC7.s - 1 n 



Synthesis of 3- ' ? -Fluorochsnyl ) crccy 1 f2S)-l- 
(eyclohox ylcarh=moyl) - 2 -pyrrolidines 3 rbothioate (23) 

15 The compound was prepared in accordance with 

the procedures used in the above examples and 
yielded an optically pure compound as a white solid 
with a molecular formula of C :v K ; ;M : 0 : 3F, a molecular 
weight of 392.55, l H NMR (CDCI,, 300 MHZ): 5 1.23- 

20 1.32 .(m, 3K) ; 1.41-1.49 (m, 3H) ; 1 .74-1.32 (m, 2H) ; 

1.93-2.09 (cm, 6H); 2.15-2.23 (a, 1H) ; 2.73 (t,2H); 
2.94 (t,2H); 3.42-3.51 (m, 1H) ; 3.54-3.61 (m, 1H) ; 
3.51-3.74 (m, 1H) ; 4.24 (d, IK) ; 4.56 (d, 1H) ; 6.91- 
7.03 (m,2H); 7.15-7.24 (m, 2H) . Thin Layer 

25 Chromatography yielded a result of R : - = 0.55. 
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EXAMPLE 1 1 

Svnthesig ~ f 3- f 4-Me thvlche-yl ^ croovl f?g*-l- 
f cvclQ' nQ vv V* ^rramo vL ^ -2-cvr rt 1 idir.ecarbo th i - ^ r a (24) 
The Compound was prepared in accordance with 
5 the procedures used in the above examples and 

yielded an occicaliy pure compound as a white solid 
with a molecular formula of C :; K 22 N : O : 5-0 . 25 EiOAc, a 
molecular weight of 410.60, : H NMR (CDClj, 300 MHZ) : 
5 1.01-1.21 (m,3H); 1. 30-1.44 (m, 2H) ; 1.61-1.69 
10 (m,2H); 1.75-2.13 (cm,9K); 2.30 (s,3H); 2.53 <t,2H); 

2.34 (t,2H); 3.61 (q, IK) ; 3.63-3.69 (m, IHi ; 3.72- 
3.75 (m,lH); 4.21 (d,lH); 4.59 (d, IK) ; 7.05-7.25 
(m, 4H) . Thin Layer Chromatography yielded a result 
of R, = 0.34 (30* EtOAc/hexane) . 

15 

EXflM?LS 12 

S vnthpg i* of 3- f 4-M^thvl~henvl ^ oroovl (2S) -1- f 1- 
adaman*:7i carbamoyl ) -2 -ovrro 1 id: -^carbo ^hic * te (25) 
The compound was prepared in accordance with 

n 0 the procedures used in the above examples and 

yielded an optically pure compound as a colorless 
oil with a molecular formula of C :s H n N : O : S-0 . 10 
EtOAc, a molecular weight of 450.46, l H NMR (CDCl,, 
300 MHZ) : 5 1.54 (s,5H); 1.65 (bs,6H); 1.85 (q, IE); 

25 2.03 (s,8H); 2.09 (s,4H); 2.53 (t,2H); 2.86 (t,2H); 

3.33 (q, 1H) ; 3.35 (ci, 1H); 4.03 (S,1K); 4.52 (d,lH); 
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7. 03-~\ 14 (m, 4H) . Thin Layer Chromatography yielded 
a resulc of R ; = 0.63 (30% EtOAc/hexanei . 

EX~M?1I 1 2 

5 5 vr.th^i- ' ~ flf 2 - ■ d-M^thvlohenvl ' crocvl • 23 ) - 1- f ^-a*--- 

bu t v L z - qrnc v 1 ^ - 2 -o vr r o I id i r. ec a r b c t h i * = ~ 3 (2 5) 

The compound was prepared in accordance wich 
the crccedures used in the above examples and 
yielded an optically pure compound as a colorless 

!0 oil with a molecular formula of C :c H 20 N : 3 ; 3-0 . 3 H : 0, a 

molecular weight of 367.94, : H NMR (C::i : , 300 MHZ) : 
5 1.43 (s,9K); 1.32-1.91 (m,2H;; 1.95-2.13 im, 4H) ; 
2.31 js,3H); 2.76 (t,2K); 2.39 (",2K); 2.41-3.43 
(m, IK); 3.46-3.49 (m, IK) ; 4.24 ;bs,lH:; 4.61 (d, IK) ; 

15 7.09-7.12 (m, 4H) . Thin Layer Chromatography yielded 

a result of R ; = 0.50 (50% EtOAc/hexane :■ . 

EXAMPLE 14 

?1 rvrlnraxyl rarbamovl) -2-ovr rnl idiner^-r-'hicate (27) 

The Compound was prepared in accordance with 
the procedures used in the above examples and 
vieided an optically pure compound as a light foam 
with a molecular formula of C, : K; 5 N : 6 : SCL, a molecular 

25 weight of 403.99, -K NMR (CDC1 5 , 400 MHZJ:.6 1.05- 

1.42 ;m,7H); i. 61-1. 78 (m, 3H) ; 1.33-2.17 (m, 5H) ; 
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2.97 (-,2H); 3.05 (q, 2H) ; 3.42 (q,!H); 3.57 (rn, 1H) _ ; . 
3.61-3.57 (ni, 1H) ; 4.21 (d, IK) ; 4.54 (d, IK) ; 7.20- 
7.31 (m, 3K) ; 7.55-7.59 (m, IK) . Thin Layer 
Chromatography yielded a result : f R ; - = 0.73 
5 (EtOAc) . 

EXAMPLE 15 

Svnrhggj- --;f 3- H ■ 5-Dimethcxv— her.yl '■ crccvl ?2S)-1- 
f r ( 1 S i — t — f l-r^aohth'/H e~hvl 1 -carbamoyl 1 -2- 
10 cvrro \ j-dine-carbo *"'"> i-oate (28) 

The compound was prepared in accordance with 
the procedures used in the arc ve examples and 
vielded an optically pure ccmpcu-d as a colorless 
oil with a molecular formula of C :: .H, .N : 0,S-0 . 75 H : 0- 
15 0.60 EtOAc, a molecular weight of 573.04, : K NMR 
(CDCi,, 400 MKZ) : 5 1.65 (d, 3K, J=S . 7 6) ; 1.33-1.96 
im, 2K); 1.99-2.07 (m, 3H) ; 2.60 ! t, 2K, J=7 . 5 1 ) ; 2.35 
(t, 2H, J=7.27) ; 3.29-3.63 (m, 2H) ; 3.73 (s,6K); 4.56 
(d, 1H, J=6.10) ; 4.76 (d, 1H, J=7 . 5 1 ) ; 5.78-5.79 (m, 1H) ; 
20 6.29-5.32 (m, 3H) ; 7.40-7.75 (m, 4K) ; 7.31 

(d,lH, J=6.90) ; 7.33 (d, 1H, J=7 . 23 ) ; 3.17 
(d, 1H, J=7.72) . Thin Layer Chromatography yielded a 
result of R ; = 0-09 (50% EtOAc/hexane) . 

25 FX a ^ p lS 15 

Synthesis r>z 3 , j-Pisher.vl procvl '2S^ -1-f C< ■ • ■ 3. 3- 
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t**:ramethyThnryP -^b^ovi 1-2- 
cyrroLl-i ; r. a — rcr ~h ioate (29) 

The compound was prepared, in accc rdar.cs with 
the procedures used in the above examples and 
5 yielded an optically pure co-pound as a colorless 
oil with a molecular formula of C :; H 4C N ; C : 5-0 . 25 
E tO Ac , molecular weight of 502.74, *-K NM?. (CDC1,, 40C 
MHZ): 5 0.83 ( Z , 2K, J=6 . 57 ;• ; 1.02 (s,9K); 1.41 
(s,3K); 1.42 (s,3H); 1.81 (d, IK, J=14 . 90) ; 1.65 

10 (d, IE, J=14 .90) ; 2.04-2.07 (m, 1H) ; 2 . 29 

(q,2H, J=7.83) ; 2.77 ( t , 2K, J=5 . 97 ) ; 3 .29-2.30 (m, IK) ; 
3.40-3.42 (m, 1H) ; 4.00 (t, IK, <J=7 .83) ; 4.32 (s,lH); 
4.53 (dd, 1H, J=1.96,7.92) ; 7.10-7.27 (m, 10H) . Thin 
Layer Chromatography yielded a result of R f = 0.43 

15 (50% EtOAc/hexana) . 



EXAMPLE 17 

Synt-hosis n* 8 -j-'Tvclohexylc rosyl - 1 - f 12, 6- 

di i snnrripv l nhpnvl 1 r^rbamovl 1 -2- 

?0 pyrrol idi nqcarbof-hioate (31) 

The compound was prepared in accordance with 
the procedures used in the above examples and 
yielded an optically pure compound as a white solid 
with a molecular formula of C : -K ;: N ; 0 : S, a molecular 

25 weight of 453.53, 'K NMR (CDC1,, 400 MHZ): 5 0.76- 

0.91 (m, 2H); 1.15-1.43 (m, 1 3 H ) ; 1.59-1.61 (m, 2H) ; 
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i. 63-1. 32 (ai, 5K) ; 2.09-2.35 4H) ; 2.33 (c,2K) ; 
3.24 (c,2K); 3.51-3.79 (m,2H); 4.57-4.71 (m, 1H) 
7.15-7.20 (m,2H); 7.26-7.31 im, 1H5 . Thin Layer 
Chromatography yielded a resul" of R< = 0.72 (50* 
5 ZtOAc/hexane) . 



Svr.the^ = of 3-Cvol~>hqxvlcrc::""' 
( h ° v v 1 o a y 'r> a * r. v M - 7 - e v r r o 1 1 d i - e c a r b o - h i o a r. a (32) 
10 The compound was prepared in accordance with 

• the procedures used in the above examples and 
vielded an optically pure compound as a colorless 
oil with a molecular formula of C 21 K je N : O : S-0 . 05 H ; 0, a 
molecular weight of 433.51, "-H MMR ( CDCl,, 400 MHZ) : 
15 5 0.75-0.91 (m,2K); 1.15-1.43 (a, 13H) ; 1.59-1.61 

(m,2K); 1.63-1.32 (m, 5H) ; 2.09-2.35 (m, 4H) ; 2.33 
(t,2Ki; 3.24 (t,2Kj; 3.51-3.79 im, 2H) ; 4.67-4.71 
(m, IK); 7.15-7.20 (m,2H); 7.25-7.31 (m, 1H) . Thin 
Layer Chromatography yielded a result of R f = 0.35 
"0 (50% EtOAc/hexane) . 

EXAMPLE 19 

Svnrho«<« o r 7-nioh^nvlorOCV? f?S)-1-r(2,4- 
25 (33) 

The comcound was prepared in accordance with 
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10 



the procedure- used in the above exrr.aples and 

vis Idea an optically pure cc-pour.d as a white solid 

with a molecular formula of C ;: .H 22 M : O.S , molecular 

weight of 504.33, '-K NMR (CDCi : , 400 MHZ; : 5 2.05- 

2.19 (m,4H); 2.30 (q, 2K, J=9 . j 5) ; 2.73 

(td, 2K, J=2 .39, 7 . 10) ; 3.53 (q, 1K,J=7.5~ ; 3.55-3.75 

(m, 1H); 3.77 (2,3K); 3.30 (s,3H); 3.99 

(t, IK, J-7.76) ; 4.55 (dd, IK, J=2 . 03 , 3 . 12 ; 6.43-5.45 

(m, 2K) ; 7.14-7.23 (m, 10H) ; 3.05 i d, 1H, -"=9 . 5 : : . Th: 

Lavsr Chromatography yielded a result z f R ; = 0.53 

(EtOAc) . 



Z^CAMPLZ 20 

15 Svni-hqsi? of 3- n . 5-Dimerhov^hp nvl ) orocvl f 25 W- 

f r (IS, ?°) -7-c'naffvl-cvclonrccv!. 1 car bamoyl! -2- 
ovrrolj , iiri9C- a 1 "br t h 1 oa t e (34) 

The compound was prepare in accordance with the 
procedures used in the above examples and yielded an 
"0 optically active compound as an oil with a molecular 
formula of C :s H, 2 N : O 4 S-0 . 4 H,0, a molecular ' weight of 
475.82, l H NMR (CDCl,, 300 MHZ) : 5 0.86-0.33 (m, 1H) ; 
1.12-1.21 (m,2K); 1.82-1.92 (a,2K); 1.94-2.02 
(m,2H); 2.05-2.12 (m,2K); 2.50 ( t, 2H, J=7 . 85) ; 2.84 
25 (dt,2K, J=7.04) ; 3.33-3.35 (m, 1H) ; 3.4 5-3.43 (m, 1H) ; 

3.75 (s,6H); 4.53 (d, IK, J=5 . 3 5 ) ; 4.97 .bs, 1H; ; 5.23- 
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6.32 (a, 2K5; 7.12-7.25 (m, Sr.) . Thin Layer 
Chromatography yielded a result of R ; = C.S5 (90% 
EtOAc/hexane) . 

5 EX*M?L-: 21 

Svnf'-asis nr 3-?hsnvlpraovl ' 2 5 * - 1 - f / 7 . d- 
Digie^hoxvnhqr.vl' ca rbamoyl! -2-svrrclidir°-» ri:-;ry-,i.>,,r 3 
(35) 

The compound was prepared in accordance with 
10 the procedures used in the above examples and 

yielded an optically active compound as an oil with 
a moiecular fcrmuia of C : ,H :? N-G ; 5 , a molecular weight 
of 423.57, -K NMR (CDC1,, 300 MHZ): 5 1.35-1.90 
(m,2H); 2.05-2.19 (m, 4H) ; 2.57 ( t, 2H, J=7 . 52 ! ; 2.87 
15 (t,2H, J-6.61) ; 3.53-3.63 (m, IK) ; 3.72-3.75 im, 1H) ; 

3.77 ( S ,3H); 3.B3 (s,3H); 4.63 (dd, 1H, J=2 . IS, 8 . 11) ; 
6.43-5.45 (m,2H); 5.30 (s,lK); 7.14-7.19 (m, 3H) ; 
7.24-7.28 (iti, IK); 3.06 (d, IE, J»7 . 81) . Thm Layer 
Chromatography yielded a result of R ; = 0.45 (50% 
20 EtOAc/hexane) . 

EXAMPLE 22 
Synthesis of 3-Phe nvi nrnovl '2-^-1 -M- 
adama p. t; y i r. a rbamo v M - ? -o vr ro L id ing r. a rhn f h \ o a r g (36) 
25 The compound was prepared in accordance with 

the procedures used in Che above exarapLes and . 
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yielded an optically pure compound as a ccicrless 
oil wizh a molecular formula of C :3 H 24 M : 0 : S, a 
molecular weigh" of 426.64, H MMR (CDCi,, 300 MHZ): 
o 1.59-1.55 (rti,6Hi; 1.33-2.14 (m, 14H) ; 2.53 
5 (t,2K, J=7.57) ; 2.96 ( t, 2H, J- 7 . 22 ) ; 3.23-3.43 (m, IK! ; 

4.12 id, 2H, J=7 . 12) ; 4.53 (dd, IK, J«2 . 16, 3 . IS) ; 7.12- 
7. 29 (m, 5K) . Thin Layer Chromar cgraphy yielded a 
result of ?..- = 0.55 (50% EtCAc/hexane) . 

10 

EXAMPLE 2 3 
S'/ntr.^" is o f 3-?henvlcroo'/l f2S~ — L— fl — 
cyclch^xyl carbamoyl ^ - 2 -oyrrolidir.ee a rbc thioa ~e ( 37 ) 
The compound was prepared in accordance with 

15 the procedures used in the above examples and 

yielded an optically pure compound as a sticky white 
solid with a molecular formula of C :: H :; M : 0 : S, a 
molecular weight of 375.56, ; H NMR (CBCij, 300 MHZ): 
5 1.10-1.19 (m, 4H) ; 1.30-1.38 (m, 3H) ; 1.61-1.71 

20 (m,2K); 1.84-2.03 (m, 6H) ; 2.65 ( t, 2H, J=7 . 75) ; 2.37 

(t,2K, J=7.57) ; 3. 33-3.39 (m, IK) ; 3.46-3.50 (a, 1H) ; 
3.63-3.67 (m, 1H) ; 4.18 (d, 2H, J=7 . 35) ; 4.55 
(dd, IK, J-2.14, 6.05) ; 7.11-7.29 (m, 5H) . Thir. Layer 
Chromatography yielded a result of R 5 = 0.4 3 (50% 

25 EtCAc/hexane) . 
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Ki Test Procedure 
Inhibition of the pepticyi-proiyi isomerase 
(rotamase) activity of Che inventive compounds can 
be evaluated by known methods described in the 
5 Literature (Harding, e: ai., >!azure, 1939, 341:753- 

760; Hole et ai. J. Am. Cham. Sec, 115:9922-9933). 
These values are obtained as apparent Ki 1 s and are 
presented in Table II. The cis-zrans isomer nation 
of an alanine-proline bond in a model substrate, N- 
10 succinyI-AIa-Ala-?ro-Phe-p-nitroanilide, is 

monitored spectrophotometries!!;/ in a chymotryps in- 
coupled assay, which releases para-ni t roam lide from 
the zrar.s form of the substrate. The inhibition of 
this reaction caused by the addition of different 
15 concentrations of inhibitor is determined, and the 

data is analyzed as a change in first-order rate 
constant as a function of inhibitor concentration to 
yield the apparent Ki values. 

In a plastic cuvette are added 950 mL of ice 
20 cold assay buffer (25 mM KEFES , pK 7.8, 100 mM 

NaCl), 10 mL of FKBP (2.5 mM in 10 mM Tris-Cl pH 
7.5, 100 mM NaCl, 1 mM di thiothreitol ) , 25 mL of 
chymotrypsin (50 rag /ml in 1 mM HC1) and 10 mL of 
test compound at various concentrations in dimethyl 
25 sulfoxide. The reaction is initiated by the 

addition of 5 mL of substrate isuccinyl-Ala-?he-Prc- 
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? he- par a- n i t ro an i 1 i de , 5 mg/ml in 2.35 mM LiCi in 
trif iu-roethanol) . 

The abscrbance at 390 nr. versus time is 
monittred for 90 seconds using a spectrophotometer 
5 and the race constants are determined from -he 
abscrbance versus time data files. 

The data for chese experiments for 
representative compounds are presented in Table II 
under .he column "Ki" . 
10 The neurotrophic effects zi the compounds of 

the present invention can be demonstrated in 
cellular biological experiments in vitro, as 
described below. 

15 Chick Dorsal Root Ganglion 

c ultures and Neurits Outgrowth 
Dorsal root ganglia were dissected from chicle 
embryos of ten day gestation. Whole ganglion 
explants were cultured on thin layer Matrigei-coated 

20 12 well plates with Liebovitz L15 plus high glucose 

media supplemented with 2 mM giutamine and 10% fetal 
calf serum, and also containing 10 uM cytosine Q-D 
arabinofuranoside (Ara C) at 3"°C in an environment 
containing 5* CO : . Twenty-four hours later, the 

25 DRGs were treated with various immunophilin iigands. 

Fortv-eight hours after drug treatment, the ganglia 
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were visualized under phase ccncrast or Hoffman 
Modulation contrast with a Zeiss ^<iovert inverted 
microscope. Photomicrographs zz one expianos were 
mace, and neurite oucgrow-h was quantitaced. 
5 Neurices longer than the DRG diameter were counted 

as ccsitive, with total number of neurites 
auanoicated per each experimental condi-ion. Three 
to f cur DRGs are culcured per well, and each 
treacment was performed in duplicate. 
10 The data for these experiments for 

representative compounds are presented in Table II 
under the column ,! ED= 0 " . 
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TABLE II ■' a) 

In. V i ~ r Tj T ■? 5 " ? ^ : 

- • — ' *■ — 



10 



15 



20 



25 



30 



1 


-i. X 


2 


-r -r 


3 




4 




5 




5 




7 


•r -r 


8 


+ *r -r 


9 


+ -r -f 


10 


-r-r 


1 ]_ 




12 




13 




14 


+ -r-r 


15 


+ -r-r 


16 


-h + 


18 




19 




20 




21 




22 




23 




24 




25 




25 




27 


★ 


28 




29 




31 




32 





35 



40 



45 



50 



Ex- Mo. 



TABLE 1Kb) 
In Vitro Tes- P.esul 
EDSQ.nM., 



1 




+++ + 


2 




+++ 


3 




■»-++ 


4 




++ 


5 




+++ 


6 




++ 


7 




+ + 


8 




+ + + + 


9 






10 




+ + + 


11 




+ + + 


12 




+ + + 
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13 
14 
15 
I 5 



+ + -r + 



+ -r + - 



1 1 ( c ^ : Muip.q r i c a 1 I r. V i ~ rc Test R e g u 1 



10 



15 



20 



25 



30 



Ex . Nc . 


¥.x <-:■<: 


19 


5231 


19 


10, 000 


20 


002 


21 


795 


22 


347 


23 


545 


24 


605 


25 


209 


26 


739 


27 


1494 


23 


3094 


29 


5147 


31 


10, co: 


32 


3343 


33 


10,000 


34 


2757 


35 


10, 000 


36 


235 


37 


601 


33 


659 


39 


31 


40 


32 


41 


722 


42 


525 


43 


3735 


44 


10,000 



35 

t . Relative potencies of compounds are ranked 
according to the following scale: -t--^- denoces Ki 
or ED50 < 1 nM; denotes Ki or ED50 of 1-30 nM; 

denotes Ki or ED 50 of 51-200 nM; * denotes Ki or 
40 ED of 201-500 nM; * denotes Ki or ED50 of > SOOrxM. 
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l yfPTP Mod pl of Parkinson's Disease 
The remarkable neurotrophic ar.d 
neurodegenerative effects of the present inventive 
compounds can be further demonstrated in an animal 
5 model cf neurodegenerative disease. MPT? lesior.i.-.g 

of dopaminergic neurons in mice is used as an animal 
model of Parkinson's Disease. Four week eld male 
CD1 white mice are dosed i.e. with 2 0 mg/kg of MPT? 
for 5 days. Test compounds (4 mg/kg), or vehicle, 
10 are administered s.c. along with the MPT? for 5 

days, as well as for an additional 5 days following 
cessation of MPT? treatment. At 13 days following 
MPT? treatment, the animals are sacrificed and the 
striata are dissected and perfusion-f ixed. 
15 Immunostaining is performed on saggital and coronal 

brain sections using anti-tyrcsine hydroxylase 1 g 
to quantitate survival and recovery of dopaminergic 
neurons. In animals treated with MPT? and vehicle, 
a substantial loss of functional dopaminergic 
20 terminals is observed as compared to non-lesioned 

animais. Lesioned animals receiving test compounds 
show a significant recovery of TH-stained 
dopaminergic neurons. Data from this model presents 
quantitation for the recovery of T»?ositive 
2 5 dopaminergic neurons in the striatum of animals 

receiving the compounds cf the present invention. 
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Data from representative control and iesioned 
animals not receiving the test drugs also presents 
quantitation of effects in the absence of the 
compounds of the present invention. 
5 The phrase "preventing neurtdeger.erati.on" 

relates to the remarkable ability of the compounds 
of the present invention to significantly prevent 
nerve damage when the compounds are given 
concurrently with a lesioning agent, such as MPT? . 
10 This also provides a reasonable correlation between 
the scope of the claims and the ability to prevent 
neurc degeneration in patients newly diagnosed as 
having a neurodegenerative disease/ or at risk of 
developing a neurodegenerative disease. The 
15 compounds also provide methods for preventing 

further neurode generation in patients who are 
already suffering from or have symptoms of a 
neurodegenerative disease . 

The invention being thus described, it will be 
20 obvious that the same may be varied in many ways. 

Such variations are not to be regarded as a 
departure from the spirit and scope of the invention 
and ail such modifications are intended to be 
included within the scope of the following claims. 
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WHAT IS CLAIMED IS: 



1. A compound of formula I: 

B 




x 



W 
Ri 

5 - 

or a pharmaceutical! y acceptable sale, ester, or 
solvate thereof/ wherein: 

k and B are taken together with the nitrogen. 
10 and carton atoms to which they are respectively 

attached to form a 5-7 membered saturated or 
unsaturated heterocyclic ring containing any 
combination of CK : , 0, 5, 3C, S3 : , MH or MR,; 
X is either 0 or S; 
15 Y is a direct bond to Z, a O-C, straight or 

branched chain alkyl, or a C : -C,- straight or branched 
chain alkenyl, wherein any of the carbon at"S of 
said alkyl or alkenyl are optionally substituted in 
one or more positions with amino, halo, halcaikyl, 
20 thiocarbonyl, ester, thioester, alkoxy, alkenoxy, 

cyano, nitro, imino, aikyiamir.c, aminoaikyi, 
sulfhydryl, thioaikyl, sulfcr.yl, oxygen to ftm a 
• • carbenyi, or whesein any of the carbon atoms of saic 
alkyl or alkenyl are optionally replaced with C, NK , 
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MR : , 5, 30, or S0 ; , wherein ?. : is selected frcm the., 
group consisting of hydrogen, (C- -CJ -straight: or 
branched chain alkyl, (C 3 -C 5 ) -straight or branched 
■ chain alkenyi cr alkynyi, and (C : -C ; ) bridging alkyl 
5 wherein said bridging aikyl f t rms a heterocyclic 
ring starting with the nitrcgen of MR- and ending 
with one of the carbon atoms zz said alkyl or 
alkenyi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar grtup; 
10 Z is a direct bond, or a ~ : -C, straight or 

branched chain aikyl, or a C : -C_ : straight or branched 
chain alkenyi, wherein any of the carbon atoms of 
said aikyl or alkenyi are opticnaiiy substituted in 
one or more positions with amino, halo, haloalkyl, 
15 thiocarbonyl, ester, thioester, alkoxy, alkenoxy, 
cyano, nitro, imino, alkylamino, aminoalkyl, 
sulfhydryl, thioalkyl, sulfcnyl, oxygen to form a 
carbonyl, or wherein any of the carbon atoms of said 
alkyl or alkenyi are optionally replaced with 0, NH, • 
?0 NR 2/ S, SO, or S0 : , wherein R : is selected from the 
group consisting of hydrogen, ;c : -C s ) -straight or 
branched chain alkyl, (C 3 -C s ) -straight or branched 
chain alkenyi or alkynyl, and (C-CJ bridging alkyl 
wherein said bridging alkyl forms a heterocyclic 
25 ring starting with the nitrogen of MR- and ending 

with one of the carbon atoms ~ z said aikyL cr 
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aikenyi chair., and wherein sail heterccyciic ring i 5 
optionally fused to an Ar group; 
C and D are independently: 

hvcrogen, Ar, C : -C ■ straight or branched chain 
5 alkyi, or C : -C, straight or branched chain aiker.yi, 

wherein any cf the carton atcns cf said alkyi or 
alkenvl are optionally substituted in tne or no re 
position is) with C 3 -C* cycloaikyl, C 5 -C- rycioaikenyi, 
hydrcxyl, carbonyi oxygen, or Ar, wherein said 
10 alkyi, aikenyi, cycloaikyl cr tycicaiker.yl groups 

are optionally substituted with C- -C, alkyi, C : -C, 
aikenyi, hydroxy, amine, halo, haioalkyl, 
thiocarbonyi, ester, thioestar, aikoxy, alkenoxy, 
cyano, nitro, imino, aikylaminc, amincalkyi, 
15 sulfhydryl, thioalkyl, sulfonyl, wherein any cf the 

carbon atoms of said alkyi or aikenyi are optionally 
substituted in one or more positions with oxygen to 
form a carbonyi, or wherein any of the carbon atoms 
of said alkyi or aikenyi are optionally replaced 
' n 0 with 0, NH, NR 2 , S, SO, or S0 ; , wherein ?. : is 

selected from the group consisting of hydrogen, (C,- 
CJ -straight or branched chain alkyi, (C ; .-CJ- 
straight or branched chain aikenyi or aikynyl, and 
(C-CJ bridging alkyi wherein said bridging alkyi 
25 forms a heterocyclic ring starting with the nitrogen 

of MR. and ending with one cf the carbon atoms of 
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said alkyl or alkenyi chain, and wherein said 
heterocyclic ring is optionally fused to an Ar 
group; 

wherein Ar is an aryi cr heteroaryi moiety 
5 which is substituted or unsure cituced; 
W is oxygen or sulfur; 

"J is either 0 or N, wherein when r J is C, chen 
R : is a lone pair of electrons and R : is selected 
from the group consisting of: 

10 Ar as defined above, C : -C; cycioaikyl, C,-C,- 

straight or branched chain alkyl or alkenyi, cr C : -C, 
straight or branched chain alkyl or alkenyi 
substituted in one or more pcsiricns with Ar, amino, 
halo, haioalkyi, hydroxy, trif luoromethyl, C -C- 

15 straight or branched chain alkyl, C : -C € straight or 

branched chain alkenyi, carbonyi, thiocarbonyl , 
ester, thioester, aikoxy, alkencxy, cyano, nitro, 
iraino, alkylamino, aminoalkyi, suifhydryl, 
thioalkyl, sulfonyl, substituted alkyl or alkenyi 

20 wherein any of the carbon attms of the alkyl or 

alkenyi are optionally replaced with S, SO, SO : , 0, 
or NR, wherein R : is selected from the group 
consisting of hydrogen, (C : -C. : ) -straight or branched 
chain alkyl, (C.-CJ -straight or branched chain 

25 alkenyi or alkynyi, and (C-C-; bridging alkyl 

wherein said bridging alkyl forms a heterocyclic 
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ring scarring with the nitrogen of N?.. and ending 
with one cf the carbon atoms of said alkyi or 
alkenyl chain, and wherein said heterocyclic ring is 
opticnaiiy fused to an Ar group or C,-:, cycloaikyl; 

5 .and when " is N, R : and ?. ; are selected 

independently from the group consisting of: 

hydrogen, Ar as defined above, C : - 1; cycloaikyl, 
C--C. straight or branched chain alky 1 or alkenyl, or 
C.-C, straight or branched chain aikyl :r alkenyl 

10 substituted in one or more positions with Ar, aciino, 

halo, haloalkyi, hydroxy, trif iuoromechyi, 
straight or branched chain aikyl, C : -C, straight or 
branched chain alkenyl, carbcr.yi, thiooarbcnyl, 
ester, thioester, aikoxy, aikenoxy, cyano, nitre, 

1 5 iminc , al kylamino , aminoalkyi , sul f hycry 1 , 

thicaikyl, suifonyl, substituted aikyl or alkenyl 
wherein any of the carbon atoms of the aikyl or 
alkenyl are optionally replaced with S, SO, 5G : , Z, 
or NR : wherein R : is selected from the group 

20 consisting of hydrogen, (C ; -C^) -straight or branched 

chain aikyl, (C.-CJ -straight or branched chain 
alkenyl or alkynyi, and (C,-C 4 ) bridging aikyl 
wherein said bridging aikyl forms a heterocyclic 
ring starting with the nitrogen of NR ; and ending 

25 with one of the carbon atoms cf said alkyi or 

alker.yl chain, and wherein said heterocyclic rir.r is 

34 
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optionally fused to an Ar group :r C : -C, cyclcaikyl; 

or ?., and ?. : may be taker, together to form a 
heterocyclic ring. 

5 2. The compound of claim 1, wherein the mono- or 
bicyclic, carro- or heterocyclic ring is selected 
from the group ' consisting of naphthyi, indolyl, 
furyl, thiazciyi, thienyi, pyridyi, and phenyl. 

10 3. The compound of claim 1, wherein the compound 
has an affinity for FK3F-type immunophiiins . 

4. The compound of claim 3, wherein the FX3?-type 
immunophilins are FKBP12. 

15 

5. The compound of claim 1, wherein the compound 
inhibits rotamase enzyme activity. 

6. The compound of claim 1/ wherein the compound is 
20 selected from the group consisting of: 

3-Phenyl?ropyi (2S) -1- ( 1-cyciohexylcarbamoyl) - 
2-pyrrolidinecarbothiata (17) ; 

Phenethyl (2S) -N- (cyclohexyicarbamoyl ) -2- 
cyrrolidmecarbothiate (18) ; 
25 3- (2, 3, 5-Trimethylphenyi) propyl 1- ( 1- 

adamantyLcarbamoyl) -2-pyrrciidir.2car'oo(:hioate (19) ; 
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3- (2, 3, 5-Trime-hyipaeny:. propyl 1- 
( c y c I c r. a x y i c a r b a mo y 1 ) - 2 - ? y r r c 1 i d i n = : a r b c z r. i 3 a - e 

(20) ; 

3- ( 3-e luoroohsr.yi) propyl (25) -1- 
5 (Cyclohexyicarbamoyl) -2-?yrr= lidin =:= rbcthioa.s 

(21) ; 

3- (2-Fluoropherv/i) propyl -:2S) -2- •: 1- 
adamar.cylcarbamcyl) -2-pyrrcl-2ir.ecarcc-r.i;a-= .22. ; 
3- (2-Fluorcptieryyl! propyl (2SJ -2- 
10 (cyclohexylcarbamoyl) -2-pyrrclidir.e=arbc-r.i3at6 

(23) ; 

3- ( 4-Methyiphsriyl) propyl ( 25) -1- 
(cyclohsxylcarbamoyi) -2-pyrrclidinecarbo-r.ioace 

(24) ; 

15 3- (4-Methylphenyl) propyl ;2S)-l-:i- 

adamar.tylcarbamoyl) -2-pyrrolidir.eoarbccbicate ill) ; 

3- ( 4-Metl-yiphenyl) propyl .25: -l-;cer-- 
butylcarbamoyi) -2-pyrrolidinecarbotbioaca (25) ; 
3- (2-Chlorophenyl) propyl (25) -1- 
20 cyclohexylcarbamoyl) -2-pyrrclidinecarco-r.icace 2"! ; 

3- (3, 5-Diiaethoxypheriyl) cropyi 25) - C (IS; -1- 
( 1-naphthyl) ethyl] -carbamoyl} -2- 
pyrrolidinecarbothioate (23); 

3, 3-Dipher.ylcrocy 1 (2S) -1- [(1,1,3,3- 
25 cetramechylbutyL) carbamoyl 1 -2- 

pyrrolidinecarbothioate (29) ; 
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3 -C yc 1c hex yip roc yl ( 2 S * -1- [ \ 2 , 6- 
diisoprccyipher.yL) carbamoyl] -2- 
pyrrol idmecarbothioace (31) ; 

3-Cyclchexylpro?yl (25) -1- ( hexylcarbamcyl) -2- 
5 pyrrclidinecarbcchioace (32) ; 

3, 3-Dicher.yIpropyl (2S) -1- [ (2, 4- 
dime-hoxyphenyi) carbamoyl ] -2 -cyrrolidi-ecarbc thioate 
(33) ; 

3- (3, S-Dime-hcxyphenyi) propyl (25) -L- { [ [ 15, 2R) - 
10 2-pher.yl-cyclopro?yl! carbamoyl; -2- 
pyrrclidinecarbothicate (34) ; 

3-?henyipropyl (25) -1- [ {2,4- 
Dime-hcxyphenyi) carbamoyl] -2-pyrroiidinecarbcchioate 
(35) ; 

15 3-?henyl?ropyi (2S) -1- ( 1 -adamant ylcarbamoyl) -2- 

pyrrclidinecarbothicate (36) ; 

3-?heryyi?ropyi (2S) -1- { 1-cyciohexylcarbamoyl) - 
2-pyrroiidinecarbothioate (37"; ; 

3-?henylpropyl (2S) -1- [ 1-adamantyiamino) 
20 ( thioxo) -methyl] -2-pyrrolidinecarbo thioate (33) ; 

3- (3, 4, 5-Triraethoxyphervyi) propyl (2S> -1- 
(hexylcarbamoyi) -2-pyrrolidinecarbothioate (39) ; 

3- (3, 4, 5-Trimethoxypherr/i) propyl (2S) -1- 
(benzylcarbamoyi) -2-pyrrolicir.ecarbo thioate (40) ; 
25 3-?henyl?ropyl (2S) -1- ! dimechylcarbamoyl i -2- 

pyrrolidinecarbcthioate (41! ; 
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2 - Phenyl:: ropy I (23) - I- : 1 -pyrrol idinyicarco ay 1}.- 
2-pyrrclidmecarbo thicate (42: ; 

3- ?henyipropyi ( 23) -1- imcrphilir.cca rbcr.vi ) -2- 
pyrroiidinecarbcthioate (43) ; 

5 3 -Phenyls rep yl (23) -1- idiiscpropylcarba-oyi) -2- 

pyrroiidinecarbc thioate (44; ; 

3-?henylpropyl (23) -1- 
[ methyl (phenyl) carbamoyl ] -2-pyrrolidir. ecarb z zhioate 
(45); and 

10 3 -Phenyls rep yl (23) - I- i diphenyl carbamoyl ; -2- 

pyrroiidinecarbcthioate (45) . 

7. A pharmaceutical composition comprisir.r a 
15 neurotrophical!:/ effective ar.o un c of che "-pound of 

claim 1 and a pharmaceutical!'/ acceptable carrier. 

3. A method of effecting a neuronal activity in an 
animal , compris ing : 
20 administering to the animal a neurc trc phi call y 

effective amount of the compound of claim 1. 

9. The method of claim 3, wherein the neuronal 
activity is selected from the group consisting of 
25 stimulation of damaged neurons, promotion cf 

neuronal regeneration, prevention of 
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neurodece-eraticn and treatment z z 'neuro logical 
disorder . 

10. The method of claim 9, wr.ere::. "he neurological 
3 disorder is selected from the grcup consisting of 

peripheral neuropathy caused by physical injury or 
disease state/ physical damage to the brain, 
physical damage to the spinal ccrd, stroke 
associated with brain damage, and neurological 
10 disorder relating to neurodegeneraticn . 

11. The method of claim 10, wherein the 
neurological disorder relating to neurcdegeneration 
is selected from the group consisting of Alzheimer's 

15 Disease, Parkinson 1 s Disease, and amyotrophic 



lateral sole ro sis. 



12. 



A. compound o 



f formula II: 




or a pharmaceutical!'/ acceptabl 



e salt, ester, or 



solvate thereof, wherein: 
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I, ?, G and H are independent:! y CH : , C, S, 50,,. 
50^ NH or NR» wherein a" Leas, two of E, 7, G, and H 
are CH : ; 

;<; i s either 0 or S; 
5 Y is a direct bend to I, a C : -C, straight or 

branched chain alley I, cr a C ; -t. : straight :r branched 
chain alkenyi, wherein any ci the carben atoms of 
said alkyl or ai!<enyl are actional iy substituted in 
one cr more positions with amino, halo, hai:aikyi, 
10 thiocarbenyi, ester, thioester, aikoxy, aikencxy, 

cyano, nitre, irainc, aikyiamir.o, amincalkyi, 
sulfhydryl, thioalkyi, suifenyl, oxygen to form a 
carbenyi, cr wherein any of the carben atorr.s of said 
alkyl or alkenyi are optionally replaced with 0, NK, 
15 NR,, 3, SO, or S0 2 , wherein R : is selected from the 
group consisting of hydrogen, (C-C.) -straight or 
branched chain alkyl, (C r C/= -straight or branched 
chain alkenyi or alkynyi, and (C : -C 4 ) bridging alkyl 
wherein said bridging alkyl forms a heterocyclic 
20 ring starting with the nitrogen of NR : and ending 

with one of the carbon atoms of said alkyl cr 
alkenyi chain, and wherein said heterocyclic ring is 
optionally fused tc an Ar group; 

Z is a direct bend, or a C : -C. : straight or 
25 branched chain alkyl, cr a C : -C, straight or branched 
chain alkenyi, wherein any of the carbon atoms of 
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said alky! or alker.yi are optionally substituted i.?. 
one cr -ere positions with aciir.o, halo, haicalkyi, 
thiccarbonyi, ester, thicester, aikoxy, alkencxy, 
cyar.c, r.itrc, iminc, aikyia-int, amincalkyi, 
5 sulfhydryl, thioalkyi, suifenyl, oxygen to form a 

carbcr.yl, cr wherein any of "he carbon ato^s of said 
aikyi :r aikenyi are optionally replaced with 0, NH, 
NR. , 3, SO, or S0 : , wherein ?. : is selected from the 
group consisting of hydrogen, iC : -C.j) -straight or 

10 branched chain aikyi, (C.-CJ -straight or branched 

chain aikenyi or aikynyl, and C.-C.) bridging aikyi 
wherein said bridging aikyi fcrras a heterocyclic 
ring starting with the nitrogen of NR, and ending 
with one of the carbon atoms z z said alkyl cr 

15 aikenyi chain, and wherein said heterocyclic ring is 

optionally fused to an Ar grcup; 
C and D are independently: 

hydrogen, Ar, C.-C s straight or branched chain 
alkyl, or C : -C s straight or branched chain aikenyi, 

70 wherein any of the carbon ato~s of said alkyl or 
aikenyi are optionally substituted in one or more 
position (s) with C 3 -C, cycloaikyl, C 5 -C 7 cycloalkenyi, 
hydroxyl, carbonyl oxygen, cr .-.r, wherein said 
alkyl, aikenyi, cycloaikyl or cycloalkenyi groups 

25 are optionally substituted with C.-C, aikyi, C : -C 5 
alker.yi, hydroxy, amino, haio, haioalkyl, 
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thiccarbonyi, ester, thioester, aikcxy, aikencxy, 



cyano, 



nitro, i Til no , aikyia-mo, a~ir.c alkyl, 



suifhydryi, chioaikyi, sui f cn yi , wherein any of the 
career, acorns of said alkyl :: alkenyl are opcionaiiy 
5 substituted in one or more positions with oxygen to 

form a carbenyi, or wherein any of one carbon acorns 
of said alky! or alkenyl are cpcicnally replaced 
with C, NH, N'R : , 5, SO, or Z2 : , wnerem R : is 
selected from the group consisting :f hydrogen, (C : - 

10 C-) -straight or branched chain aikyl, {C 3 -C 5 )- 

straight or branched chain alkenyl : r aikynyl, and 
(C : -C.) bridging alkyl wherein said bridging alkyl 
forms a heterocyclic ring starting wioh the nitrogen 
of MR, and ending with one of the carbon atoms of 

15 said alkyl or alkenyl chain, and wherein said 



heterocyclic ring is optionally fused to an Ar 



group; 



wherein Ar is an aryl or heter:aryi moiety 



which is substituted or unsubs ti tuted; 



20 



W is oxygen or sulfur; 



U is either 0 or N, wherein when U is 0, then 



R, is a lone pair of electrons and ?. : is selected 



from the group consisting of: 



Ar as defined above, C : .-C. cycizaikyi, C.-C, 



25 



straight or branched chain alkyl or alkenyl, or C-.-C. 
straight or branched chain alkyl or alkenyl 
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substituted ir. one or more positions with Ar, amino, 
halo, haicaikyi, hydroxy, trif iuoromethyl, C--CV 
straight or branched chain aikyi, C : -C* straight or 
branched chain alkenyi, carbcnyi, thiocarbcnyi, 
5 ester, thicester, aikcxy, alker.cxy, cyano, r.icrc, 

iminc , a iky i amino , aminoalkyi , sui f hydryl , 
thioaikyi, suifonyi, substituted aikyi or alkenyi 
wherein any of the carbon atcms of the aikyi or 
alkenyi are optionally replaced with 3, 50, 3C : , 0, 
10 or MR : wherein R : is selected from the group 

consisting of hydrogen, (C : -C.-/ -straight or branched 
chain aikyi, (C 3 -C s ) -straight or branched chain 
alkenyi or aikynyl, and (C,-C ; ; bridging aikyi 
wherein said bridging aikyi forms a heterocyclic 
15 ring starting with the nitrogen of NR : and ending 

with one of the carbon atoms of said alkyl or 
alkenyi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group or C-.-C; cycloaikyl; 
and when U is N, and ?. : are selected 
20 independently from the group consisting of: 

hydrogen, Ar as defined above, C ; -C 9 cycloaikyl, 
C^C, straight or branched chain aikyi or alkenyi , or 
C-C s straight or branched chain alkyl or alkenyi 
substituted in one or more positions with Ar, amino, 
25 halo, haloalkyi, hydroxy, trif iucromethyi, C-C* 

straight or branched chain alkyl, C : -C. : straight or 
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branched chair. aikenyi, carbcr.yi , thiocarbonyi, 
ester, thioescer, alkexy, alkenoxy , cyano , :.:r :C/ 
imir.e, aikylamino, amincaikyl, sul fhydryi , 
thioaikyi, sulfonyi, subscicuced al!<yi cr alkenyi 
5 wherein any cf the career, accr.s c: the alkyi or 

alkenyi are optionally replaced wich 5, SO, 50 :/ 0, 
or MR; wherein R : is selected frcm the group 
consis-ing of hydrogen, (C--C, ( -straight or branched 
chain alkyi, (C 3 -C 5 ) -straighc cr branched chain 

10 allcenyi or alkynyl, and (C : -C : bridging aikyi 

wherein said bridging aikyi forms a heterocyclic 
ring starting with the nicrccen of MR, and ending 
with one of the carbon acorns cc said alkyi or 
alkenyi chain, and wherein said heterocyclic ring is 

15 optionally fused to an Ar group or C.-C^ cycioaikyl; 

or R. and R : may be caken ccgether to form a 
heterocyclic ring. 

13. The compound of claim 12, wherein Ar is 

20 selecced from the group consisccng of naphthyl , 

indoiyi, furyl, thiazolyl, chienyl, pyridyl, and 
phenyl . 

14. The compound cf claim 12, wherein the compound 
.25 has an affinity for FK3?-type irrmunophilins . 
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15. The compound c f claim 14, wherein the r?;3?- -^- e 

immur.cphiiins are FK5PL2. 

15. The compound of claim 12, where in "he comcour.d 

5 inhibits rotamase encyme activity. 

17. A pharmaceutical composition comprising a 
neurotrophical!*/ effective amount of the compound of 
claim 12 and a pharmaceutical ly acceptable carrier. 

10 

13. A method of effecting a neuronal activity in an 
animal, comprising : 

administering to the animal a neurotrophical in- 
effective amount of the compound of claim 12. 

15 

19. The method of claim 13, wherein the neuronal 
activity is selected from the group consisting of 
stimulation of damaged neurons, promotion of 
neuronal regeneration, prevention of 

20 neurodegenerat ion and treatment of neurological 

disorder. 

20. The method of claim 19, wherein the 
neurological disorder is selected from the group 

25 consisting of peripheral neuropathy caused by 

physical injury cr disease sz&za, physical damage co 



95 



WO 98/29117 PCT/US97/24070 

the brain, physical damage t: "he spinal cord, 

stroke associated with brain damage, and 

neurc logical disorder relating zz neurodegeneration . 

5 21. The method of claim 21, wherein the 

neurological disorder relating t: neurodegensrat itn 
is selected from the group consisting of Alzheimer's 
Disease, Parkinson's Disease, and arrive trophic 
lateral sclerosis. 
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2 — ^ p I ; t*, ^ ^ r r ,o ills 



F-G r 



D 



Ri 



X 

w 



5 or a pharmaceutical! - / acceptable sal", ester, cr 

solvate "hereof, wherein: 

Z, F, and G are independently CH : , 0/ S, SO, 
S0 : , MK or NR : wherein at least 2 of Z, F, and G are 
CH : ; 

10 X is either 0 or S; 

Y is a direct bond to Z, a C L -C S straight or 
branched chain alkyi, or a C : -C.- straight or branched 
chain alkenyl, wherein any of the carbon atoms of 
said alkyi or alkenyl are optionally substituted in 

15 one or more positions with amino, halo, haloalkyl, 

thiocarbonyl, ester, thioester, alkoxy, alkenoxy, 
cyano, nitro, imino, alkyiaminc, amincalkyl, 
sulfhydryl, thioalkyl, sulfonyi, oxygen to form a 
carbonyl, or wherein any of the carbon atoms of said 

20 alkyi. or alkenyl are optionally replaced with 0, NH, 

NR : , s, SO, or SC_, wherein R- is selected from the 
group consisting of hydrogen, iC-.-Cj -straight or 
branched chain aikyl, (Cj-CJ -straight or branched 
chain alkenyl or alkynyl, and (C-C 4 ) bridging alkyi 
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where," said bridging aikyi firms a heterocyclic 
ring starting with the nitrogen cf NR. and ending 
with one of the carbon acorns of said aikyi or 
aikenyl chain, and wherein said heterocyclic ring 15 
5 optional iy fused 10 an Ar group; 

Z is a direct bond, or a C--C, straight or 
branched chain aikyl, or a C : -C, straight or branched 
chain aikenyl, wherein any of the carbon atoms of 
said alkyl or aikenyl are optionally substituted m 
10 one or more positions with amino, halo, haioaikyl, 

thiocarbonyl, ester, thioester, aikoxy, alkencxy, 
cyanc, nitro, imino, alkyiamino, aminoaikyi, 
sulfhydryi, thioaikyi, suifonyl, oxygen to form a 
carbcnyi, or wherein any of the carbon atoms of said 
15 alkyl or aikenyl are optionally replaced with 0, NH, 

NR : , 5, SO, or SC : , wherein R : is selected from the 
group consisting of hydrogen, ;C : -CJ -straight or 
branched chain aikyi, (C 3 -C J -straight or branched 
chain aikenyl or alkynyl, and (C-CJ bridging alkyl 
20 wherein said bridging alkyl forms a heterocyclic 

ring starting with the nitrogen cf MR-, and ending 
with one of the carbon atoms of said alkyl or 
aikenyl chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group; 
25 C and D are independently: 

hydrogen, Ar, C-C : straight or branched chain 
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aikyi, cr C : -C, straight or branched chain alkenyl,.. 
where!." any of the carbon atoms zz said aikyi cr 
alkenyl are optionally substicuted in one or more 
■ position (5) with C 3 -C g cycloaikyi, C 5 -C- cycicaiken vi, 
5- hydroxyi, car bony i oxygen, cr Ar , wherein said 

aikyl, alkenyl, cycle aikyi cr cycioaiker.yl groups 
are optionally substituted with C : -C- aikyi, C : -C- 
alkenyl, hydroxy, amino, hale, haioalkyl, 
thiocarbenyi, ester, thioester, aikoxy, alker.oxy, 

10 cyano, nicro, imino, aikylamino, ammcaikyi, 

suifhydryi, thioaikyl, sulfonyi, wherein any of the 
carbon atoms of said aikyi or alkenyl are optionally 
substituted in one or more positions with oxygen to 
form a carbonyl, or wherein any of the carbon atoms 

15 of said aikyi or alkenyl are optionally replaced 

with 0, MH, NR ;/ S, SO, or S0 : , wherein R, is 
selected from the group consisting of hydrogen, (C- 
C 3 ) -straight or branched chain aikyi, (C : .-C<)- 
straight cr branched chain alkenyl or alkynyl, and 

20 (C : -C ; ) bridging aikyl wherein said bridging aikyl 

forms a heterocyclic ring starting with the nitrogen 
of MR, and ending with one of the carbon atoms of 
said aikyi or alkenyl chain, and wherein said 
heterocyclic ring is optionally fused to an Ar 

2 5 group; 

wherein Ar is an aryi or heteroaryl moiety 
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which 15 substituted or unsubs t i Cured; 
W is oxygen or sulfur; 

I" is either 0 or N, wherein when u is C, then 
R. is a lone pair of electrons end R : is selectee 
5 from one group consisting of: 

Ar as defined above, C,-C« cycicaikyi, C : -C s 
straight or branched chain alkyi or alkenyl, or C- -C, 
straight or branched chain alkyi or aLkenyi 
substituted in one or more positions with Ar, amino, 

10 halo, haioalkyl, hydroxy, trif lucrome thyi, C : -C^ 

straight or branched chain alkyi, C : -C. : straight or 
branched chain alkenyl, carbcnyi, thiocarbcnyi, 
ester, thioester, allcoxy, aikenoxy, cyano, nitro, 
imino , al kyl amino , aminoal kyi , sul f hydryl , 

15 thioalkyi, sulfonyl, substituted aikyl or alkenyl 

wherein any of the carbon atoms of the alkyi or 
alkenyl are optionally replaced with S, SO, 30 : , 0, 
or MR : wherein R : is selected from the group 
consisting of hydrogen, (C,-C. : ) -straight or branched 

20 chain aikyl, (C : -C<) -straight or branched chain 

alkenyl or alkynyl, and (C ; -CJ bridging alkyi 
wherein said bridging aikyl forms a heterocyclic 
ring starting with the nitrogen of .NR t and ending 
with one of the carbon atoms of said aikyl or 

25 alkenyl chain, and wherein said heterocyclic ring is 

optionally fused to an Ar group or Ci-C, cycloalkyl; 
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and when 'J is N, R : and ?. ; are selected 
independently from "he group consisting of: 

hydrogen, Ar as defined above, C : -C cycioaikyi, 
C : -C, straight or branched chain aikyi or aikenyl, c: 
5 C : -C, straight or branched chain aikyi or aikenyl 

substituted in one or more positions with Ar, amino, 
halo, haloalkyl, hydroxy, trif lucromethyl, C : -C 5 
straight or branched chain aikyi, C : -C, straight or 
branched chain aikenyl, carbcnyi, thiocarbcnyi, ' 

10 ester, thioester, alkoxy, alker.oxy, cyano, nitro, 
imino, aikyi amino, aminoalkyi, sulfhydryl, 
thioalkyl, sulfonyi, substituted aikyi or aikenyl 
wherein any of the carbon atoms of the aikyi or 
aikenyl are optionally replaced with 3, SO, S0 : , 0, 

15 or MR : wherein R : is selected from the group 

consisting of hydrogen, (C,-C 5 ) -straight or branched 
chain aikyi, (C ; .-C. : ) -straight or branched chain 
aikenyl or alkynyl, and (C,-C.) bridging aikyi 
wherein said bridging alkyl forms a heterocyclic 

20 ring starting with the nitrogen of NR, and ending 
with one of the carbon atoms of said alkyl or 
aikenyl chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group or C : -C 9 cycioaikyi; 
or R, and R : may be taken together to form a 

25 heterocyclic ring. 
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23. The compound of claim 22, wherein Ar is 
selected from the group consisting of naphthyi, 
indciyi, fury I, thiazolyi, thienyi, pyridyi, and 
phenyl . 

5 

24. The compound of claim 22, wherein the compound 
has an affinity for FX3?-type immunophiims . 

25. The compound of claim 24, wherein the FX3?- type 
10 immunophilins are FK3P12. 

26. The compound of claim 22, wherein the compound 
inhibits rotamase enzyme activity. 

15 27. A pharmaceutical composition comprising a 

neurotrophic ally effective amount of the compound of 
claim 22 and a pharmaceuticaiiy acceptable carrier. 

23. A method of effecting a neuronal activity in an 
20 animal, comprising: 

administering to the animal a neurotrophically 
effective amount of the compound of claim 22. 

29. The method of claim 23, wherein the neuronal 

25 activity is selected from the group consisting of 

•# 

stimulation of damaged neurons, promotion of 
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neuronal regeneration, prevention of 
neurodegeneration and treatment of neurological 
disorder . 



5 30. The method of claim 29, wherein the 

neurological disorder is selected from the group 
consisting of peripheral neuropathy caused by 
physical injury or disease state, physical carnage co 
the brain, physical damage to the spinal cord, 
10 stroke associated with brain damage, and 

neurological disorder relating to neurodegeneration. 

31. The method of claim 30, wherein the 
neurological disorder relating to neurodegeneration 
15 is selected from the group consisting of Alzheimer's 

Disease, Parkinson's Disease, and amyotrophic 
lateral sclerosis. 



32. A compound of formula IV: 



20 



r(CH,)n 

X 

W 

IV 

or a pharmaceutical!-/ acceptable salt, ester, or 
solvate thereof, wherein: 
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n is if 2 cr 3 forming a 5-7 merrier 
he cere cyclic ring; 

X is either 0 or S; 

Y is a direct bend to Z, a c : -C,- straight cr 
5 branched chain aikyi, cr a C : -C_- straight cr branched 

chain alkenyi, wherein any cf -he carbon atoms of 
said aikyi or alkenyi are optionally substituted in 
one or more positions with amine, halo, haicaikyi, 
thiccarconyl, ester, thioester, alkoxy, alker.cxy, 

10 cyano , nitre, immo, aikylamir.e , amincaikyi, 

sulfhydryi, thioalkyi, sulfonyl, oxygen to form a 
carbenyi, or wherein any of the carbon atoms of said 
aikyi or alkenyi are optionally replaced with 0, NH, 
NR : , S, SO, or S0 : , wherein R : is selected from the 

15 group consisting of hydrogen, (C : -C 3 ) -straight or 

branched chain aikyi/ (C 2 -C 5 ) -straight or branched 
chain alkenyi or alkynyi, and • C : -C ; ) bridging aikyi 
wherein said bridging aikyi ftrms a heterocyclic 
ring starting with the nitrogen cf NR r and ending 

20 with one of the carbon atoms of said alkyl or 

alkenyi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group; 

Z is a direct bond, or a C : -C s straight or 
branched chain alkyl, or a C 2 -C T straight or branched 

25 chain alkenyi, wherein any of the carbon atoms of 

said alkyl cr alkenyi are epeitnaily substituted in 
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one g: more cos it: ions with amino, halo, haioaikyl, 
thiocarbcnyi / escer , thiosster, aikoxy, aikenoxy, 
cyano, nitro, imino, alkyianir.c , aminoalkyi, 
sulfhydryl, thioaikyi, suif cr.yl , oxygen, to form a 
5 carbcnyi, or wherein any of the carbon atoms of said 
aikyl cr aikenyi are optionally replaced with 0, NK, 
NE : , S , SO, or S0 : , wherein R : is selected from the 
group consisting of hydrogen, (C-CJ -straight or 
branched chain alky!/ (C 3 -C,-) -straight or branched 

10 chain aikenyi or aikynyi, and (C-C.) bridging alkyl 
wherein said bridging alkyl forms a heterocyclic 
ring starting with the nitrogen of NR : and ending 
with one of the carbon atoms of said alkyl or 
aikenyi chain, and wherein said heterocyclic ring is 

15 optionally fused to an Ar group; 

C and D are independently: 

hydrogen, Ar, C,-C 6 straight or branched chain 
alkyl, or C : -C 5 straight or branched chain aikenyi, 
wherein any of the carbon atoms of said alkyl or 

20 aikenyi are optionally substituted in one or more 

position(s) with C 2 -C 9 cycloalkyi, C 5 -C 7 cycloalkenyl, 
hydroxy!, carbonyl oxygen, or Ar, wherein said 
alkyl, aikenyi, cycloalkyl or cycloalkenyl groups 
are optionally substituted with C ; -C 6 alkyl, C 2 -C, 

25 aikenyi, hydroxy, amino, halo, haloalkyl, 

thiocarbonyl, ester, thioester, alkoxy, alkenoxy, 
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c yanc , nitro, imi no , aik y i am ir.o, ami no a 1 k y i , 
suifhydryi, thioalkyi, sulfonyi, wherein any of the 
carbon atoms of said aikyl or aikenyl are optionally 
substituted in one or more positions with oxygen to 
5 form a carbonyi, or wherein any of one carbon atoms 

of said aikyl or aikenyl are optionally replaced 
with C, NK, MR;/ S, SO, or S0 : , wherein R : is 
selected from the group consisting of hydrogen, (C : - 
C s ) -straight or branched chain aikyl, (C 3 -C s )- 
10 straight or branched chain aikenyl or alkynyi, and 

(C-CJ bridging aikyl wherein said bridging aikyl 
forms a heterocyclic ring starting with the nitrogen 
of MR. and ending with one of the carbon atoms of 
said aikyl or aikenyl chain, and wherein said 
15 heterocyclic ring is optionally fused to an Ar 

group; 

wherein Ar is an aryl or heteroaryl moiety 

which is substituted or unsubstituted; 

W is oxygen or sulfur; 

20 U is either O or N, wherein when U is 0, then 

R, is a lone pair of electrons and R : is selected 

from the group consisting of: 

Ax as defined above, C : -C 3 cycloalkyl, C : -C 6 

straight or branched chain aikyl or aikenyl, or C,-C 5 

25 straight or branched chain aikyl or aikenyl 

*• 

substituted in one or more positions with Ar, amino, 
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halo, haioaikyl, hydroxy, trif iuc rome thyi , C- -C- 
straight or branched chain alkyi, C 2 -C 5 straight cr 
branched chain aikenyi, carbonyi, thiocarbcr.vl , 
ester, thioester, alkoxy, aikencxy, cyar.c, nitro, 
5 iminc, aikyiamino, aminoaikyi, suifhydryi, 

thioaikyl, sulf cnyl , substituted alkyi or aikenvi 
wherein any of the carbon atoms of the alkyi or 
aikenyi are optionally replaced wi:h S, SO, 30^ 0, 
or NR: wherein R : is selected f rem the group 

10 consisting of hydrogen, (C,-C € ; -straight or branched 
chain alkyi, (C 3 -C fi ) -straight cr branched chain 
aikenyi or aikynyl, and (C : -C ; ) bridging alkyi 
wherein said bridging alkyi forms a heterocyclic 
ring starting with the nitrogen of MR-, and ending 

15 with one of the carbon atoms of said alkyi or 

aikenyi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group cr C 3 -C 3 cycioalkyl; 

and when U is N, R ; and R : are selected 
independently from the group consisting of: 

20 hydrogen, Ar as defined above, C 3 -C 9 cycioalkyl, 

C,-C 6 straight or branched chain alkyi or aikenyi, or 
C : -C 5 straight or branched chair, alkyi or aikenyi 
substituted in one or more positions with Ar, amino, 
halo, haloalkyl, hydroxy, trif iuoromethyl, C-.-C^ 

25 straight or branched chain alkyi, C : -C € straight or 
branched chain aikenyi, carbcr.yi, chiocarbor.yi, 
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escer, chioescer, aikoxy, alkencxy , cyano, mere, 
imino, aikyiamino, aminoalkyi, suif hydryi, 
thioalkyi, sulfonyl , substituted aikyi or aikenyi 
where ir. any of the carbon atoms of the aikyi or 
5 alker.yl are optionally replaced with 5, SO, S0 : , o, 
or NR : wherein R : is selected from the group 
consisting of hydrogen, (C-CJ -straight or branched 
chain aikyi, (C : -C;) -straight or branched chain 
alker.yl or alkynyl, and {C-C 4 } bridging aikyi 

10 wherein said bridging aikyi forms a heterocyclic 
ring starting with the nitrogen of MR, and ending 
with cne of the carbon atoms of said- aikyi or 
alkenyi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group or C,-C 3 cycioaikyl; 

15 or and R : may be taken together to form a 

heterocyclic ring. 

33. The compound of claim 32, wherein Ar is 
selected from the group consisting of naphthyl, 

20 indolyi, furyl, thiazolyl, thienyl, pyridyl, and 

phenyl. 

34. The compound of claim 32, wherein the compound 
has an affinity for FXBP-type immunophiiins . 

25 

35. The compound of claim 3 4,. wherein the FKBP-type 
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immuncchiiins are FX3P12. 

35. The compound of claim 32,- wherein Che compound 
inhic its rotamase enzyme activity. 

5 

37. A pharmaceutical composition comprising a 
neurotrophical!*/ effective amount cf the compound of 
claim 32 and a pharmaceutical ly acceptable carrier. 

10 33. A method of effecting a neuronal activity in an 

a n ima 1 , c omp r i s i ng : 

administering to the animal a neurotrophical!*./ 
effective amount of the compound of claim 32. 

15 39. The method of claim 39, wherein the neuronal 

activity is selected from the croup consisting of 
stimulation of damaged neurons, promotion of 
neuronal regeneration, prevention of 
neurodegeneration and treatment of neurological 

20 disorder. 

40. The method of claim 39, wherein the 
neurological disorder is selected from the group 
consisting of peripheral neuropathy caused by 
25 physical injury or disease state, physical damage tc 
the brain, physical damage to the spinal cord, 
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strode associated with brain da-ace, and 
neurological disorder relating zz neurodegeneraticn . 



41. The method of claim 40, wherein "he 
neurological disorder relating to neurcdecer.eration 
is selected from the group consisting of Alzheimer 1 s 
Disease, Parkinson's Disease, and amyotrophic 
lateral sclerosis. 
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